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GAME MANAGEMENT IN SCOTLAND 


Tony J. Peterle' 


Michigan Department of Conservation, Lansing, Michigan 


Scottish game management is based on 
the principle of the landowner’s right to the 
exclusive use of his own land. Although the 
game does not become his property until 
it is reduced to possession, the right to 
kill the game is recognized as a valuable 
property asset. Empirical knowledge ex- 
tending over three hundred years forms the 
basis of present-day management practices. 
This knowledge is applied, retained, taught, 
and added to by the indomitable character 
called the gamekeeper. These individuals, 
in the employ of the private landowner or 
shooting tenant, are responsible for the ap- 
plication of the game-management program. 

Scotland is a small nation of approxi- 
mately 30,000 square miles, about equal to 
the land area of the state of South Carolina. 
The population of approximately five 
million is concentrated in the lowlands, a 
strip of land about 60 miles wide extending 
from the Firth of Clyde on the west to the 
Firth of Forth on the east. The highlands 
extending north to John O’Groats are sparse- 
ly inhabited. The economy of coastal cities 
and towns in the north is dependent mainly 
on the ocean fishery, while inland areas are 
supported by agriculture. Crops are grown 
where soil and climatic conditions permit, 
but the greater part of the land under farm 


*The observations contained in this paper were 
made on a Fulbright Grant at the University of 
Aberdeen. I wish to express my gratitude to all the 
members of the Natural History Department of 
Marischal College for their kindness and especially 
to Prof. V. C. Wynne-Edwards, who reviewed an 
early draft of this paper. The warm hospitality 
extended me by estate owners, gamekeepers, pro- 
fessional foresters, and all the Scots with whom 
I had the pleasure of acquaintance was greatly 
appreciated. 
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management is devoted to grazing for sheep 
and cattle. In recent years, reforestation by 
private individuals and public agencies has 
become a prominent part of the Scottish 
land-use program. 

Game management as it is applied to the 
land is dependent primarily on the interest 
and financial position of the landowner or 
shooting tenant. Present-day economic con- 
ditions have reduced the number of estates 
that are able to devote the necessary funds 
to maintain an adequate staff of game- 
keepers. Competition for man power is mak- 
ing recruitment of keepers more difficult, 
particularly in areas where industry is offer- 
ing higher wages. In 1955, salaries for the 
average gamekeeper amounted to £5 17s. 
(about $17.50) per week; average salaries 
for industrial employees were about $20.50 
per week. Certain other amenities such as 
housing, clothing, and some produce are 
supplied to the gamekeeper to make the 
position more enticing. As more and more 
of the large estates are broken up and the 
shooting rights revert to the small land- 
owner, they are in turn leased by groups of 
sportsmen who form co-operatives or Game 
Protection Societies for efficient manage- 
ment. The co-operatives hire a staff of keep- 
ers to manage their collective shooting area 
or, if finances do not permit, they may 
“rough shoot” the area; viz., without a staff 
of keepers and no hand-rearing of birds. My 
discussion will be limited primarily to game 
management as practiced on the large 
estates where the principal game species are 
pheasant (Phasianus colchicus), partridge 
(Perdix perdix), and red grouse (Lagopus 
scoticus ). Little emphasis will be given the 
red deer (Cervus elaphus ) and the roe deer 


1 
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(Capreolus capreolus ), since adequate pub- 
lished material on these species is available. 

Readers interested in pursuing this sub- 
ject further will find Leslie and Shipley 
(1912), Vesey-Fitzgerald (1946), Macpher- 
son, et al. (1894), and Millais (1909) help- 
ful authors on the red grouse. Progress 
reports of recent work on the red grouse, 
sponsored by the Scottish Landowners’ Fed- 
eration, are also available (Jenkins, 1957). 
Two books by Maxwell (1911, 1913) give in- 
formative material on pheasant and _ par- 
tridge shooting. Darling (1937) remains 
the classic for red deer, and Tegner 
(1951) has published concerning the roe 
deer. A more recent work by Darling (1947) 
concerning the natural history of the high- 
lands is recommended to those interested 
in other ecological aspects. Many other in- 
teresting narrative-type publications such as 
Macintyre (1950), concerning experiences 
in keepering, are in print. Numerous infor- 
mative pamplets describing the techniques 
of management can be secured from the 
Imperial Chemical Industries’ Game Re- 
search Station, Fordingbridge, Hampshire, 
England. 


PHEASANT AND PARTRIDGE MANAGEMENT 


Large land holdings in Scotland are usual- 
ly broken up into beats or management units 
of 1,000 to 3,000 acres, each managed by a 
beatkeeper. Each beatkeeper is domiciled 
on his beat and is responsible to the head 
gamekeeper who lives on the home beat, 
somewhere near the center of the managed 
area. Recruit keepers serve an apprentice 
period on the home beat under the surveil- 
lance and tutelage of the head gamekeeper. 
The head gamekeeper is responsible to the 
estate factor (manager) and directly to the 
laird (landowner ). 

On intensively managed estates, the 
pheasant is a very important part of the 
shoot. In most of Scotland, an intensive 
hand-rearing program is necessary to supply 
adequate shooting in the fall and winter. 
Hand-rearing of pheasants is one of the most 
important and time-consuming tasks of the 
gamekeeper. The number to be “put down” 
is détermined by the laird, and the yearly 





Fic. 1. Pheasant rearing—broody hens off the 


nest to feed. Aberdeenshire, 1955. 


program begins in February. Wild hens are 
live-trapped, wing-clipped, and placed in 
holding pens for egg production. Wild- 
trapped cocks are carefully selected for their 
coloration and vigor before being placed in 
the pens at the ratio of one cock to ten hens. 
Eggs are collected and set under broody 
domestic hens in groups of about 300, de- 
pending on the total number to be set, 17 





closed movable pen. Aberdeenshire, 1955. 
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or 18 eggs to every hen. Each hen is re- 
moved from the coop daily and allowed to 
feed tethered to a leash in front of its coop 
(Fig. 1). At the time of hatching, about the 
middle of May, broods are brought to a 
maximum of 15-17 chicks per hen and 
placed on the rearing field. The field is 
carefully selected by the head gamekeeper, 
who gives attention to soil, drainage, and 
exposure. Different methods of chick-rearing 
are used: some chicks are raised in open 
fields, others in small movable pens ( Fig. 
2-3). The chicks are fed and watered daily. 
In the open fields, coops are closed after the 
chicks have gone to roost under the hen, 
and they are opened shortly after daylight. 
The field is constantly guarded against at- 
tacks by avian and ground predators. When 
the chicks are 5-7 weeks old, they are re- 
leased into the coverts, usually with the 
broody hen for the first week or two. In 
most coverts some artificial feeding is car- 
ried on up to the time of the shoot. Most of 
the pheasant shoots are in late November 
and early December, late enough to make 


Pheasant rearing—open field ww a raising chicks. 





ee a eas <4 ok 
pH 1955. 


certain that all the birds are fully feathered 
and able to fly well. 

The practice of shooting game driven to 
the guns by beaters has developed primarily 
for two reasons: a more efficient harvest is 
possible, and the sport is one of shooting, 
not one of hunting. Greater emphasis is 
placed on the actual killing of the bird or 
other game, the intense excitement during 
the height of the drive providing the great- 
est enjoyment. The ability of the head game- 
keeper is judged on how well he can “show” 
the birds for the gun: the more difficult 
and high-flying the target, the better. The 
guns are positioned by the gamekeeper so 
as to take advantage of the terrain and 
cover. Such locations as the foot of a hill, 
small gullies, and the edge of mature wind- 
breaks are frequently used as stands, so that 
the birds will be at a good height when 
flying over the guns. A maxim of one keeper 
was that it was easier to show a small re- 
lease from a small covert, rather than a large 
release from a large covert. The time lapse 
between drives should be very short if the 
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gamekeeper has his drives well planned. 
Two teams of beaters are usually used, one 
group being positioned while the previous 
drive is being completed. The beaters move 
through the cover in a line either tapping the 
brush with sticks or calling to move the birds 
ahead. Some beatkeepers use close-ranging 
springer spaniels to aid in moving the birds 
during a drive. On most shoots each gentle- 
man or “gun” is equipped with two shotguns, 
frequently double-barreled 12-gauge. The 
loader who may be a beatkeeper, ghilly or 
manservant constantly loads during the peak 
of the drive when the flying birds are very 
numerous. None of the birds are picked up 
until after the drive is over. Some of the guns 
bring their own retrievers, and these are 
released after the drive to assist in the pick- 
up. All birds are marked down by the gun 
or his ghilly, and every effort is made to 
pick up all the birds brought down. If it 
does not interfere with the next drive, a few 
beatkeepers are stationed some 30-50 yards 
behind the line of guns to pick up crippled 
birds. At the end of the day, the head game- 
keeper picks out and presents to each gun 
a brace of cocks in fine plumage. The rest 
of the day’s bag, other than what is used by 
the owner, is hung in the game room for a 
day or two and then shipped to game dealers 
in the larger cities of England and Scotland. 
The total bag is summarized by species and 
announced to the group. Some representa- 
tive daily bags for 5-7 guns are as follows: 
142 pheasants, 13 hares, 12 partridge, 8 wood 
pigeon, and 16 rabbits; 101 ducks (early 
morning shoot on a small loch), 61 pheas- 
ants, 13 partridge, 10 hares, 3 wood pigeon, 
2 woodcock, and 3 rabbits; 238 pheasants, 
18 partridge, 7 woodcock, 22 wood pigeon, 
43 hares, 8 rabbits, 2 red grouse, and 1 roe 
deer. The number of pheasants to be shot 
is set by the owner of the shoot and is 
usually about the number released. Both 
sexes of this species are taken during the 
main shoots by the owner at the beginning 
of the season, but later, when the shooting 
may be leased to others, only cocks are 
killed. On some large estates a portion of 
the cost involved in hand-rearing and shoot- 
ing pheasants is recovered by leasing the 


shooting and through the sale of the game 
to dealers. In 1954, average prices paid for 
game were $1.96 for a cock pheasant anj 
$1.18 for a hen pheasant. 

Hand-rearing of partridge, until regen; 
years, has been a rather difficult and yp, 
rewarding task. Some keepers would hand. 
rear a few broods just to show that it could 
be accomplished. Recent improvements jy 
techniques have made hand-rearing of pg. 
tridge more practicable, and it will yp. 
doubtedly become as important to the 
management of partridge shooting as it now 
is in the case of the pheasant. Many of the 
improvements in the hand-rearing and map. 
agement of both pheasant and partridge 
have come from the diligent research carried 
out at the Imperial Chemical Industries 
Game Research Station, Fordingbridge 
Hampshire. This station operates an adyi- 
sory service concerning management tech- 
niques which is available to estate owner 
and shooting tenants throughout Great 
Britain. 

The shooting of partridge is carried out 
in much the same manner as_ pheasant 
shooting. Usually the two species are shot 
in combination, with a little more actual 
crop land being driven exclusively for 
partridge. 

TABLE 1.—TEN-YEAR TOTALS OF NUMBER OF 


“VERMIN TAKEN AT I.C.I. EXPERIMENTAL 
GAME EstTATE' 











Species Number 
Magpies ( Pica pica ) 1,385 
Jay (Garrulus glandarius ) 729 
Crows (Corvus spp. ) 684 
Rooks (Corvus frugilegus ) 1,518 
Jackdaws (Corvus monedula ) 624 
Sparrow-hawks ( Accipiter nisus ) 613 
Little owls ( Athene noctua ) 849 
Hedgehogs ( Erinaceus europaeus ) 542 
Stoats (Mustela erminea ) 1,470 
Weasels ( Mustela nivalis ) 894 
Grey squirrels ( Sciurus carolinensis ) 714 
Miscellaneous 924 

Subtotal 10,946 
Rats ( Rattus spp. )* 12,631 
Rabbits (Oryctolagus cuniculus ) 13,661 

Total 37,238 





1 Summarized from I.C.I. Game Services (1957). 
2 Tunnel trapped, shot, killed during threshing operations, 
and small proportion only of those poisoned. 
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Fic. 4. Red grouse moor—note light patches of burned heather on right slope. Near Tomintoul, 
Banffshire, 1955. 


Costs involved in hand-rearing and shoot- 
ing pheasants are difficult to ascertain. Part 
of the costs are recovered by selling bagged 
birds to game dealers and by leasing the 
shooting for a fee, as mentioned above. The 
efficiency of most keepers is quite high. On 
one estate, two beatkeepers hand-reared 
3,000 pheasant chicks to the age of six weeks 
for about 70 cents each. Considering that 
our earning power and cost of living is ap- 
proximately three times as high, the cost 
of hand-reared birds in one instance was 
about $2.10. When one includes salaries 
paid to beatkeepers and beaters, the cost per 
bird shot increases to $3.00. Most private 
shooting preserves here in the United States 
are supplying birds at $5 each (E. L. 
Kozicky, pers. comm. ). 


VERMIN CONTROL 


The job of “vermin control” is a daily one 
lor the beatkeeper. On estates where arti- 
ficial releases of pheasant or partridge create 
abnormally high densities in limited units of 


habitat, an intensive predator-control pro- 
gram is regarded as an intrinsic part of man- 
agement. An example of some vermin bag 
records for a 4,000-acre estate in England 
is shown in Table 1. 

Prior to the introduction of myxomatosis 
into the rabbit population, a large share of 
the keepers’ time was spent killing rabbits. 
In the fall of 1954, a keeper could kill 20-30 
rabbits in a day without undue effort, while 
in the early summer of 1955 after the disease 
had spread to these same areas, it was diffi- 
cult to kill one or two rabbits to feed the 
ferrets used as an aid in killing rabbits. This 
drastic reduction in the number of rabbits 
allowed the keeper more time for patrolling 
his beat for poachers, caring for and training 
dogs, and improving some of the drives on 
his beat. 


GrousE MANAGEMENT 


Red grouse management is essentially 
heather management. Since the grouse is 
dependent primarily on this plant species 
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(Calluna) for its food and cover, the man- 
agement problem, although not necessarily 
simplified, is considerably restricted in com- 
parison to some of our North American game 
species. Optimum heather conditions can 
be maintained by burning over the ground 
every three to seven years (Fig. 4). The 
wide expanse of moorland, the limited 
period during which burning can be accom- 
plished, and the limited source of man power 
make this rotation an almost impossible goal 
on most large grouse moors. Some keepers 
feel that some old or “stick” heather is de- 
sirable to provide adequate food and cover 
during periods of deep snow and high winds. 
Since the management of grazing for sheep 
is quite compatible with grouse manage- 
ment, these two land-use practices are ac- 
ceptable to most estate owners and provide 
a dual source of income. This symbiotic re- 
lationship can get out of balance, much the 
same as our prairie chicken-cattle problem 
in west-central United States. 


Fic. 5. 


Heather burning is done in both sprip 
and fall, the latter being called “back eng 
burning. Most keepers feel that spring bum. 
ing produces the best results. A clean hard 
burn is desirable to provide an optimum 
seedbed for the new heather or for regrowth 
from old root stocks (Fig. 5). The heather is 
usually burned in strips 10-40 yards jp 
width, beginning from the base of a Slope 
and burning to higher elevations. The Pat: 
tern of burning is dependent on wind, mois. 
ture, man power available, and the size of 
the old heather. The fire is started with 
kerosene torch; and once the desired width 
is attained, the base and sides of the blaze 
are put out by beating the fire with a heather 
brush. These brushes are frequently made 
from birch saplings, the basal end serving 
as the handle and the top 3-4 feet wrapped 
in poultry netting. This over-size spatula is 
very effective in beating out the blaze, par. 
ticularly when the underlying peat is stil] 
quite moist. Bracken fern (Pteris) fre. 





Examples of heather burning: clean burn in foreground, poor burn leaving dead sticks 
immediately beyond keeper. Aberdeenshire, 1955. 
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Fic. 6. Grouse shooting butt made of peat slabs. Aberdeenshire, 1955. 


quently invades newly burned areas at 
lower elevations where the soil has a higher 
mineral content. This is an undesirable 
plant species for both sheep and grouse, and 
the problem is of some concern to the keeper 
in charge of the moor. 

Traditionally, red grouse shooting begins 
on August 12th, but on many moors it is 
delayed to make certain all the late broods 
are well feathered. The harvest is accom- 
plished by driving birds over a line of shoot- 
ing butts. These butts, made of granite 
boulders or slabs of peat, are placed in stra- 
tegic locations just over a ridge line, or on 
the slope of a valley where the grouse are 
known to funnel through (Fig. 6). The 
placement of the butts is very critical and 
can be properly done only after many years 
of experience on a particular beat. The 
driving of red grouse is more of an art than 
pheasant or partridge driving. The beaters 
and flagmen, who turn the birds on the flank, 
must be well co-ordinated or the drive will 
result in failure. There is no substitute for 





experience in the direction of a red grouse 
shoot. As in pheasant shooting, the birds 
are not picked up until after the drive is 
over. On some beats in Scotland, blackgame 
(Lyrurus tetrix) and capercaillie (Tetrao 
urogallus) are shot incidentally to red 
grouse. In only a very few places are drives 
made especially to shoot blackgame and 
capercaillie. The latter occur only in the 
remaining stands of native Scots pine ( Pinus 
sylvestris) and in some of the artificially 
established plantings reaching maturity 
(Fig. 7). Ptarmigan (Lagopus mutus) are 
rarely taken because they are comparatively 
inaccessible in the higher elevations and are 
difficult to drive. 

The number of red grouse to be harvested 
from any one beat is determined by the 
shooting tenant, usually on advice from the 
beatkeeper. During his regular rounds of 
the beat throughout the year, coupled with 
some more intensive brood counts with dogs 
prior to the shooting season, the keeper can 
estimate how many birds should be taken. 
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Fic. 7. 


Utilizing his own years of experience on the 
beat and 50 to 100 years of kill data, the 
keeper can make a very intelligent appraisal 
of the currently available surplus. The final 
decision is up to the shooting tenant, but 
most often the bag limit set is quite con- 
servative, especially if the tenants are of long 
tenure and expect to shoot the moor for years 
to come. 

Artificial reforestation in Scotland is be- 
coming increasingly important to the man- 
agers of grouse moors. Recent improve- 
ments in planting techniques, both mechan- 
ical and botanical, have greatly increased 
the land area on which reforestation is prac- 
ticable and profitable. Mechanical plows 
capable of cutting through heavy layers of 
peat to mineral soil are making the success- 
ful establishment of coniferous plantings 
possible on many sites. The use of nurse 
trees such as Japanese larch (Larix lepto- 
lepis) makes the higher elevations available 
for the planting of more desirable species 


Remnant of native Scots pine; capercaillie habitat. Aberdeenshire, 1955. 


such as Scots pine, European larch (Larix 
decidua), and Sitka spruce (Picea sitchensis) 
Obviously, as with some of our prairie 
grouse, the successful establishment of a 
coniferous planting means the area will in 
time be lost as grouse habitat. In many 
instances, however, in the preparation of 
the planting site by burning in areas where 
old stick heather predominates, the habitat 
is improved for a few years. The question 
for many estate owners is an economic one. 
If the income from the leasing of shooting 
and grazing rights can equal the estimated 
receipts from forest plantations, many estate 
owners who enjoy grouse or deer shooting 
prefer to maintain the area as a grouse moor 
or deer forest. The acquisition of land by 
public agencies such as the Forestry Con- 
mission is constantly expanding as more and 
more estates become available for purchase. 
In 1955, there were approximately 204 Com- 
mission Forests, totaling 1,135,116 acres, in 
the four forest conservancies of Scotland. 
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The co-ordination of land-use practices on 
srouse moors is further complicated by deer- 
cattle-sheep-reforestation relationships. 


DEER MANAGEMENT 


The problems relating to the population 
control or regulation of the red deer in Scot- 
land have been given considerable attention 
by the Department of Agriculture for Scot- 
land. The findings and recommendations 
of a group appointed to study the problem 
are contained in a “Report of the Committee 
on Close Seasons for Deer in Scotland” pub- 
lished by Her Majesty’s Stationery Office in 
October of 1954. The majority report recom- 
mends the adoption of “Rules for the Man- 
agement of Deer,” which would include 
statutory closed seasons, regulation of the 
sale of venison, and the establishment of 
Regional Deer Control Boards. These 
Boards, made up of deer forest owners and 
representatives of agriculture, would “be 
empowered to determine all matters of 
policy within their regions relating to the 
control of the deer stock, and to deal with 
questions of understocking or overstocking 
so that a properly regulated stock is main- 
tained.” Considering that in 1952, approxi- 
mately 16 per cent of the land area was 
devoted to deer forests (deer range, not 
necessarily forested land), such legislation 
would be of deep concern to many estate 
owners. Deer population estimates for over 
3 million acres of deer forest in July 1952 
indicated a density of 18 deer per square 
mile, with recommendations to reduce the 
herd to approximately 10-11 per square mile. 

The roe deer, although not considered a 
prime game species on most estates, is in- 
creasing in numbers and causing some 
damage to forest plantations. The control 
of roe populations becomes increasingly 
difficult as the area of established forest 
plantings increases and provides large 
blocks of effective refuge. Public agencies 
and private landowners are attempting to 
control roe deer numbers by hiring full- 
time keepers assigned specifically to killing 
roe deer. On one forest of approximately 
3,000 acres, 75 roe deer were killed over a 
period of 7 months without materially re- 


ducing the population. Damage to forest 
plantings by roe is heaviest in areas that are 
replanted after a partial failure and in plan- 
tations of sapling-size trees at the time bucks 
are rubbing off the velvet. 

Some damage to forest plantings results 
from the budding of terminal leaders by 
blackgame, and occasionally capercaillie. 
Serious damage occurs only in the few areas 
where blackgame are abundant. On estates 
where consideration is given only to forestry 
and grazing, most of the game species that 
cause damage to plantings or compete with 
sheep or cattle are shot indiscriminately 
throughout most of the year. The greatest 
effort at control is made during periods 
when game can be sold on the market, 
thereby partially repaying the cost. 


LEGAL ASPECTS OF MANAGEMENT 


The laws related to the taking of game 
species in Scotland might best be sum- 
marized by quoting a portion of the report 
cited earlier concerning the red deer: 


The common law of Scotland relating to game, 
including deer, is the law relating to wild animals 
in general, whether birds or beasts. The law 
recognizes no property in such animals. So long as 
they remain in their wild state they become the 
property of the person who kills and takes possession 
of them. 

The only restriction at common law on the right 
of everyone to kill or capture any wild animal arises 
from the landowner’s right to the exclusive use of 
his own land, although the right of a landowner to 
the game upon his land is not an absolute right of 
property in the uncaught game. Nevertheless, his 
right to kill the game and exclude others from his 
land for that purpose is recognized as a valuable 
incident to his propeity right in the land. Occupa- 
tion of land by a tenant for agricultural or pastoral 
purposes cannot prevent the exercise of game rights 
by the landowner; these rights are reserved to him 
at common law and may be leased to a third party. 

The common law discourages the landowner from 
taking into his own hands the defence of his sport- 
ing rights. The law makes available only two 
remedies, viz.: 

(a) An action for damages against the trespasser 
in respect of any damage done by him while on 
the ground. 

(b) An action to interdict a trespasser from re- 
peating his trespass. 

While the common law provides no really effec- 
tive protection of sporting rights, there is a body of 
statute law which, to some extent, regulates these 
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rights, for example, by imposing a ‘close time’ dur- 
ing which it is unlawful to kill or capture certain 
animals; by making poaching an offence; and by 
requiring sportsmen to take out licences. But these 
statutes do not apply to all wild animals commonly 
regarded as game—each particular statute defines 
the animals with which it is concerned. 

The clarification of laws relating to cer- 
tain game birds was brought about by the 
Protection of Birds Act, 1954. The Secre- 
tary of State for Scotland administers this 
act. The only possible game species men- 
tioned in this act as protected by special 
penalties at all times of the year is the com- 
mon quail (Coturnix coturnix). The pheas- 
ant, partridge, blackgame, ptarmigan, and 
red grouse are not included as “wild birds” 
in most sections of the Act. The seasons and 
bag limits are consequently set by owners of 
the shoot. The capercaillie and many of the 
common species of waterfowl are included 
in “the third schedule” of this Act with other 
“wild birds which may be killed or taken 
outside the close season.” Sections of the Act 
prohibit the use of certain methods for 
taking any wild bird. The use of any mechan- 
ically propelled vehicle, boat, or aircraft 
in immediate pursuit of a wild bird for the 
purpose of driving, killing, or taking the bird 
is considered an offense liable to a special 
penalty. Conviction of an offense against 
this Act may result in a special penalty of 
a fine not exceeding £25 ($70.00) or a term 
of imprisonment not exceeding one month 
for the first offense and not more than three 
months for a second or subsequent offense. 
At one time, a third offense against the 
game laws was punishable by death. 


THE FUTURE 


The future of game management in Scot- 
land seems secure, principally because it is 
a source of income to many landowners. The 
old ways and methods will change as 
the elderly gamekeepers are replaced by 
younger men with new and more progres- 
sive ideas. It seems probable that shooting 
co-operatives or Game Protection Societies 
will become more widespread as shooting 
rights revert to the smaller landowners. The 
large estates that do remain intact may turn 
to providing shooting for visiting sportsmen 


who are able to pay for the cost of manage. 
ment. In any event the change should no 
be so great as to destroy a beautiful county 
with a way of life that will permit a tired 
confused human being some respite by 
going, in D. Macintyre’s (op. cit.) words 
“Back, from the giddy throng and 
stifling weather, 
To the lone moorland with its 
soothing wind, 
Where bold grouse crow among 
the purple heather, 
And the red stag is challenging 
his kind.” 


SUMMARY 

Game management in Scotland is based 
on the principle of the landowner’s excly. 
sive use of his own land. The killing of game 
species is recognized as a valuable property 
asset that may be leased or sold. The Pro. 
tection of Birds Act of 1954 does not involve 
many of the game species such as the 
pheasant, partridge, blackgame, red grouse 
and ptarmigan. The landowner controls 
seasons and bag limits on these species. A 
staff of gamekeepers hired by the estate 
owner is responsible for the actual program. 
On large estates hand-rearing of pheasants 
is an important part of management. Pheas- 
ants are released to the coverts at about six 
weeks of age and are shot in December. The 
game is driven to the guns by beaters, for 
more efficient harvest and greater enjoyment 
of the actual shooting. Partial recovery of 
costs is accomplished by sale of game to 
dealers and leasing the shooting. Predators 
are controlled as an intrinsic part of manr- 
agement. 

Red grouse and heather management are 
practically synonymous. Heather is man- 
aged by burning every 3-7 years. Grouse 
are shot by driving the birds over lines of 
shooting butts. Partridge, blackgame, and 
capercaillie are taken incidentally to other 
game species. Red deer are becoming to0 
numerous in some areas, and recommenda- 
tions for a reduction in numbers are being 
considered. As the area of forest plantations 
increases, roe deer numbers also increase 
and cause damage to coniferous species. 
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The future of Scottish game management 
seems secure in that it supplies an additional 
income to some estate owners, and in the 
case of red grouse management, is com- 
patible with grazing for sheep. Groups of 
sportsmen, who form Game Protection So- 
cieties and purchase shooting rights from 
small landowners, will probably become 
more widespread. 
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MOVEMENT AND DISPERSAL WITHIN A POPULATION 
OF RUFFED GROUSE’ 
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More has been published on the ruffed 
grouse (Bonasa umbellus) perhaps than on 
any other native North American game bird; 
yet little factual data have been presented 
which would reliably document movements 


and dispersal of marked birds. The diffi- 
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culty of trapping a large segment of a known 
population has been the principal limita- 
tion. It is the purpose of this paper to pre- 
sent and discuss data on (1) the movements 
and dispersal of individual broods, (2) the 
dispersal pattern within a population, and 
(3) how these movements affect a known 
population of ruffed grouse on a specific 
range. 

Since 1946, a long-term study of the ruffed 
grouse has been in progress in the Barrens 
of central Pennsylvania. The principal ob- 
jetives have been to record and follow popu- 
lation levels, to determine the factors re- 
sponsible for population losses, to study 
the effects of habitat management, and 
to conduct live-trapping and movement 
studies. The last objective resulted in im- 
proved live-trapping techniques. 
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Tanner and Bowers (1948), the first to 
work on the present study, developed the 
mirror trap. Use of this model at drumming 
sites proved to be the most successful 
method of capturing adult males, but it was 
ineffective in the taking of females or their 
broods. Liscinsky and Bailey (1955) were 
the first to develop an effective method of 
trapping broods, thus making it possible 
to band a sample representative of all sex 
and age classes of the total population. They 
employed a maze-type trap to capture wood- 
cock ( Philohela minor ), but soon discovered 
that broods of grouse also were vulnerable 
to trapping. Bailey (1954) employed this 
trap during the summers of 1952 and 1953 
to band 31 grouse on the Barrens Study Area. 
The fall populations in those two years 
showed respective densities of 9.1 and 5.2 
grouse per hundred acres. Bailey stated 
that trapping success should be greater in 
areas of higher population densities. Dor- 
ney and Mattison (1956) have since made 
substantial contributions toward the de- 
velopment of live-trapping techniques and 
have obtained data in Wisconsin on fall dis- 
persal movements and longevity. 


Tue Stupy AREA 


The study area, roughly 2 miles long and 
1 mile wide, comprised 1,470 acres of state- 
owned game land in Centre County, Penn- 
sylvania. It was in an area approximately 
25 to 30 thousand acres in size which is 
locally known as the Barrens—a name ap- 
plied in reference to its wild nature and 
poor soils. At the time of this study, the 
Barrens were characterized by a mixed oak 
and scrub oak-pitch pine forest, most of 
which was in the pole-timber stage. Aspen 
( Populus tremuloides ) was abundant. Win- 
ter shelter and escape cover were restricted 
to thickets of scrub oak. Although pitch 
pine (Pinus rigida) occurred in scattered 
sections, it occupied only about five per 
cent of the total area, and at its best was a 
poor substitute for good coniferous cover. 

On the basis of population densities, the 
carrying capacity of the Barrens Study Area 
was about one-fourth that of grouse coverts 
in Minnesota; it more nearly approached 





that found in the Adirondacks of New York 
Fall densities in the Barrens averaged 83 
grouse per hundred acres over a 7-yea, 
period (1949-55). The highest was 195 
grouse per hundred acres in 1955, King 
(1937) recorded fall densities in Minnesot, 
that ranged from 29 to 55 grouse per hun. 
dred acres. Grouse populations in a section 
of the Adirondacks ( Darrow, in Bump et al, 
1947:519) averaged 7.0 grouse per hundred 
acres each fall over a 12-year period. 
Since 1949, one-half of the Barrens Study 
Area has been subjected to a _habitat-im. 
provement program, designed to improve 
food and cover conditions for broods and to 
raise the level of grouse production on the 
area. The work consisted of establishing 
(1) clearings that would provide an abun- 
dant supply of berries and insects for sum- 
mer food and (2) dense islands of escape 
cover in areas where little or no understory 
existed (Sharp, 1957). The additional edge 
and greater dispersion created have greatly 
added to the cover value. By June 1957, 13] 
such clearings, ranging in size from 1/5 to 
1 acre, had been established on the 735 acres 
that comprised the managed portion of the 
study area. The preference of grouse broods 
for the managed half of the area was best 
illustrated by the fact that 80 per cent of the 
142 brood contacts since 1952 were made 
there despite an equal distribution of obser- 
vation time between the two areas. 


BANDING SUCCESS 


During the 2-year period—July 1954 to 
June 1956—128 grouse were banded on the 
Barrens Study Area. The maze-type trap 
was employed in 1955 from July to October 
at 11 trap sites within or immediately adja- 
cent to the managed half of the study area. 
The concentration of broods that existed 
there made it appear practical to confine 
trapping activities to that portion of the 
study area. Favorable nesting and hatching 
conditions, along with good survival during 
1955, resulted in a fall density of 12.5 grouse 
per hundred acres over the entire study area 
—the highest ever recorded in the Barrens. 
Fall populations were determined by use of 
King’s census method. 
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During the summer and fall of that year, 
the senior author expended 882 trap days 
on 735 acres and succeeded in banding ap- 
proximately one-half of the grouse popula- 
tion on the area. One hundred and four 
srouse—86 juveniles, 11 adult females, and 
7 adult males—were banded. Six entire 
broods, including the hen, were trapped. 
The largest of these broods contained nine 
young. On one occasion, two hens and five 
young, comprising two age groups, were 
captured simultaneously. Also a brood of 
nine chicks without the hen was trapped. 
Two or three juveniles from each of eight 
other broods were captured; thus, part or 
all of 15 broods were banded during the 
summer of 1955. Field observations and 
trapping data indicated that 24 broods were 
present on the study area. 

As of June 1956, movement data had been 
obtained on 36 of the grouse banded during 
the previous summer and fall. Further infor- 
mation on one of these birds, as well as data 
on an additional one, was secured during 
November 1956 ( Bryan, 1957), thus making 
available records on the movements of 36 
per cent of the grouse banded during the 
summer and fall of 1955. These data were 
obtained by return of leg bands by hunters 
and through recapture of banded birds. 

An additional 24 grouse were banded at 
various times throughout the 2-year period. 
Fifteen of these were adult males trapped 
at their drumming sites, nine during the 
spring of 1955, and six in 1956. Four juve- 
niles and two adult females were banded 
during the summer of 1954, one adult male 
in February 1955, and two adults—one male 
and one female—in February 1956. 

Of the 24 grouse mentioned above, infor- 
mation was obtained on the movements of 
six. Since these birds represented such a 
small portion of the population that existed 
at the time they were banded, little signifi- 
cance could be attached to these movements 
in relation to the population. Therefore, 
only the data secured on the birds banded 
during the summer and fall of 1955 will 
be stressed, but the other movements do 
provide useful supplements to the bulk of 
information. 


233 


MOVEMENTS AND INTERMINGLING OF Broops 


A review of the literature revealed little 
evidence on how far a brood of grouse 
ranges during a summer. By commencing 
trapping operations in July, it was possible 
to obtain information on movements of 
banded chicks and broods prior to October 
1, at which time we believe dispersal was at 
its peak. 

Six of 50 juveniles banded during July 
and August were recaptured at the original 
trap site at respective intervals of 1, 15, 16, 
18, 36, and 71 days. On September 23, the 
last day on which one of these repeats oc- 
curred, two banded birds of the same age 
were captured together. Both birds had been 
trapped as singles, one on August 18, and 
one on September 8. It cannot be stated 
with certainty that these birds were original- 
ly of the same brood. 

The greatest movement of a juvenile prior 
to what was considered the dispersal period 
was 1,210 yards. This bird was banded on 
July 15 and retrapped on September 9. It is 
possible that this represented an early dis- 
persal movement. Three other juveniles, 
each from a different brood, were recap- 
tured at distances of 330, 330, and 380 yards, 
respectively, from where they were banded. 
In addition to the above records of individ- 
ual chicks, it was possible to obtain move- 
ment information on three broods. Two 
broods were captured together on July 13 
within 200 yards of where they had been 
observed on July 15, 28 days earlier. One 
brood contained three chicks, the other two. 

A brood with five young was observed on 
the evening of August 3. The following day 
what was believed to be a chick from this 
brood was trapped 150 yards from where the 
group was flushed the previous evening. 
Another chick of this brood was banded on 
August 6 at the same trap. On August 22, 
these two young along with the remainder 
of the brood, including the hen, were cap- 
tured together—again at the same trap. Two 
of these young were recaptured 330 yards 
from this site on September 9. Thus, during 
a 37-day period, five contacts were made 
with this brood or its members, all within 
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400 yards of where they were first observed 
on August 3. In the summer of 1952, Bailey 
(op. cit.) banded three young on August 7. 
On August 20 he recaptured them with the 
rest of the brood 660 yards from where they 
were banded. To date, this represents the 
longest recorded movement of a brood on 
the study area. 

Since six of ten individual repeats oc- 
curred at the original point of capture, and 
only one movement of a juvenile or brood 
exceeded 400 yards during the summer, it 
seems probable that the normal cruising 
radius of grouse broods on the study area 
during 1955 did not exceed one-quarter of 
a mile. The brood movement reported by 
Bailey in 1954, however, did exceed this 
distance. It also appears that broods tend 
to frequent certain areas regularly, although 
the distance traveled and the time lapse be- 
tween visitations may vary. Darrow (in 
Bump et al., 1947:294-295) is of the opinion 
that the summer range of most broods did 
not exceed 100 acres and that the average 
range was about 40 acres. 

Most noteworthy of grouse brood activity 
was the intermingling of birds from different 
broods. This occurred with increasing fre- 
quency as the summer progressed. As men- 
tioned earlier, two hens and five chicks of 
two age groups were all captured together in 
the same trap on July 13. The two hens had 
been observed together on June 15 within 
200 yards of this trap site. Both displayed 
the broken-wing act within 15 feet of the 
observer, and it was believed at the time 
that two broods, traveling together, had 
been encountered. Since the chicks were of 
preflight age and well hidden, the brood 
sizes were undetermined at that time. We 
believe that the two broods observed on 
June 15 were the same two that were 
trapped together on July 13. 

Birds of different age groups were 
trapped together on three other occasions 
during the summer. Six young, nine weeks 
old, and three aged as 12 weeks old were 
captured together on August 12. There was 
no evidence of a hen in the vicinity of the 
trap—an unusual incident as a hen rarely, 
deserted her trapped brood. At dusk on the’ 


evening of August 8, a group of approxi- 
mately 13 grouse flushed in all directions 
from the tops of trees immediately aboye 
a trap that held one young. Early on the 
following morning, two chicks of different 
age groups were captured in this trap. We 
believe this sufficient evidence that the 
group flushed on the previous evening was 
composed of chicks from at least two differ. 
ent broods. Groups of grouse, which con. 
tained young of a noticeable age difference, 
were flushed on four other occasions during 
August 1955. 


Broop DIsPERSAL 


Indications of brood dispersal were first 
manifest in the increasing frequency with 
which young grouse were encountered and 
trapped in pairs or singly, and in the greater 
distances from the original trap site that 
some of the young were recaptured. One 
juvenile was captured alone on October 11 
at a distance of 1.12 miles from where it 
was banded. 

Most or all of 13 broods were banded in 
1955, and dispersal data were obtained on 
at least two members from each of six of 
these broods. Most of the information was 
furnished by recovery of bands from birds 
killed by hunters, but a few were also re- 
trapped. All of the banded birds from two 
broods were shot during the fall hunting 
season of 1955. 

Fig. 1 shows where each of these six 
broods was banded, the number of birds in 
the brood that were banded, and the dis- 
tance and direction moved by the individual 
birds on which returns were obtained. Their 
histories follow: 

Broods A and B:—Seven birds, two hens 
and five chicks of two different broods were 
captured on July 13. Dispersal information 
was obtained later on three of the young. 
One (a) was shot during the 1955 hunting 
season 660 yards from the point of capture, 
the second (b) was recaptured two months 
later 380 yards from where it had been 
banded. This second bird was shot outside 
the study area during the fall of 1956 at a 
distance of 1.1 miles from where it was re- 
captured. The third chick (c) was shot in 
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Fic. 1. Dispersal pattern of six grouse broods banded on the Barrens Study Area during the summer 
of 1955. (Managed portion of the area is the northeast half. ) 


November 1955, 2.13 miles from the trap 
site. 

Brood C:—Movements were obtained on 
three of the six birds in this brood, which 
was captured July 15. One chick was re- 
trapped at the same site on the following 
day. Another chick (a) from this brood was 
first recaptured 1,210 yards from where it 
was banded and later shot that fall 660 yards 
south of the site where the recapture oc- 
curred. This bird had moved in the same 
general direction after it was recaptured, 
traveling 1.06 miles from where it was 
originally marked. The third (b) was shot 
440 yards from where it was banded. 

Brood D:—What we believe to be the 
entire brood of two young and the hen was 
captured on July 26. All three birds were 
killed by hunters during the fall of 1955. 
The hen (h) was shot 1.13 miles from where 


she was banded and provided the longest 
recorded movement of an adult bird. One 
juvenile (a) had moved nearly 1 mile—1,650 
yards. The second juvenile (b) was first 
retrapped at a point 1.25 miles from the 
banding site before being shot a quarter of 
a mile from where it was recaptured. 

Brood E:—Three young from this brood 
were banded, and all were shot during the 
hunting season. One bird (a) was shot 7.5 
miles from its original point of capture, and 
another (b) had moved 1.25 miles. The 
third bird (c) repeated in the same trap on 
September 23 and was killed 330 yards from 
it in November. 

Brood F:—The hen and five young were 
captured August 22. One young (a) was 
shot 4.5 miles from the trap site, and the 
hen (h) also met a similar fate in November 
1955, 550 yards from where it had been 
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Fic. 2. Dispersal movements of seventeen grouse banded on the Barrens Study Area as juveniles in 1955, 


banded. Two of these young, (b) and (c), 
were recaptured together on September 9 
330 yards from the original trap site. 


> 


POPULATION DISPERSAL 


An indication of dispersal within the 
population as a whole was obtained by band 
returns from hunters and from recaptures. 
Since trapping activity was restricted to the 
study area proper, there was no possibility 
of recapturing banded birds that left the 
area. In view of the fact that grouse were 
shot both on and off the study area, it was 
felt that band returns by hunters provided 
more representative data on random dis- 
persal movements than did the trapping 
data. 

Fifteen of the 86 juveniles banded during 
1955 were reported killed by hunters that 
fall. Two others were shot during the fall 
of 1956. This provided dispersal information 
on 20 per cent of the grouse banded as 


juveniles in 1955. Six were shot within 
mile of where they had been banded. Ten 
juveniles, representing 59 per cent of the 
returns, were killed 1 mile or farther from 
their original point of capture. Seven of the 
movements were between | and 2 miles, one 
was 2.13 miles, and one 4.5 miles. One 
young grouse was shot 7.5 miles from where 
it had been banded (Fig. 2). These results 
are somewhat similar to those of Domey 
(1954) who found that 50 per cent of the 
grouse he banded as juveniles had moved 
farther than 1 mile, and had ranged as far 
as 5 miles from where they were first 
captured. 

A grouse banded as a juvenile by Bailey 
in 1953 was shot during the fall of 1956 16 
miles from its original point of capture. 

It can be seen by examining Fig. 2 that 
nine of the 17 recoveries—slightly more than 
50 per cent—were made beyond the periph 
ery of the study area. For all practical pur 
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pproximately one-half of the grouse 
produced on the study area in 1955 were, by 
December, lost from the study-area popula- 
tion due to egress. This fact would appear 
to have significance in future interpretations 
of population trends and management 


poses, @ 


practices. 
Dispersal information was also obtained 


on five juveniles that were retrapped. One 
of these was banded in August 1954 and 
recaptured at a drumming site in May 1955. 
4 young bird banded in October 1955 was 
similarly caught in April 1956. Both of these 
grouse were recaptured within 200 yards 
fom where they had been banded. Both 
drumming sites had been occupied during 
the three previous years. Apparently, these 
sites had been taken over by these birds 
during their first mating season. This ap- 
pears to indicate that because a drumming 
site is occupied from year to year, it is not 
safe to assume that use each year is by 
the same bird. It is more likely that certain 
drumming sites possess characteristics that 
make them attractive to male grouse in 
general, and these preferred sites are the 
first to become occupied. 

Two other juveniles banded in 1955 were 
recaptured in February 1956 and sexed at 
that time as males. One was 455 yards and 
the other 550 yards from the point of original 
capture. The fifth bird, a female, banded in 
July 1955, was retrapped in mid-October 
1.12 miles from where it was originally 
banded. 

Field observation and censuses during the 
months of October and February indicated 
that a somewhat general movement of the 
population away from the managed portion 
of the study area occurred annually. Al- 
though the extent of this shift was never 
accurately determined, the number of con- 
tacts with grouse always decreased notice- 
ably on the managed half of the study area 
and increased on the unmanaged half dur- 
ing the winter months. We believe that this 
shift in population could be attributed to 
the fact that more of the winter cover types 
Were present on that particular portion of 
the area. 


MOVEMENTs OF ADULT GROUSE 

Movement information was obtained on 8 
of the 28 adult grouse banded in 1955. Two 
of the six adult males banded at their drum- 
ming sites in 1956, and two adults banded by 
Bailey also provided data on movements of 
adult grouse. Of these 12 adults, 9 were 
males. 

Only one male grouse banded as an adult 
was shot or recaptured farther than 400 
yards from its original point of capture. This 
bird was banded in the spring of 1956 and 
shot that fall 950 yards from the banding 
site. An adult male banded in February 
1955 was recaptured at the same location, 
once in February, and twice in October of 
1956, before finally being shot during this 
latter month 250 yards from the trap site. 
A female, captured with her brood in July 
1955, was shot that fall 1.13 miles from 
where she was banded. Another female met 
a similar fate 500 yards from the original 
point of capture. A third female was re- 
trapped within five days at the site where 
she was banded. 

The movements of these 12 adult grouse 
seem to indicate that, following dispersal, 
grouse become attached to a definite home 
range. 

Food-habit studies by Bailey, et al. (1955) 
substantiate these movement data. These 
studies were based on the analysis of drop- 
pings collected at drumming sites, thus per- 
mitting one to determine the feeding range 
of individual males over a period of several 
months. The remains of certain food items 
in the droppings revealed that the diet of 
adult males was confined to plants or food 
that occurred within a limited home range. 
Food habits were reported by these investi- 
gators for male grouse located in aspen com- 
munities, a mixed oak community, and in a 
white oak-scarlet oak—bear oak community. 
Most illustrative of the applicability of this 
technique was a situation reported by Davis 
(1951). A turkey feeder, provided with corn, 
was regularly visited by several grouse. Ex- 
amination of droppings from two different 
drumming sites revealed that these birds 
were feeding on corn. One male traveled 
320 and the other 385 yards to the feeder. 
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Discussion 

The population recorded during the pe- 
riod when this information was obtained 
was the highest in the last ten years. This 
possibly had some effect on movements. 
Where a concentration of broods exists, such 
as on the managed half of the study area in 
1955, their home ranges may be smaller and 
their movements more restricted than where 
broods are fewer and not as crowded. Data 
collected during years of low populations, 
when compared with those reported here, 
might clarify this relationship; but during 
periods of low populations, it becomes diffi- 
cult to obtain a significant amount of data. 

Since the probability of two broods en- 
countering one another would be much 
greater during periods of high populations, 
it also seems logical to assume that the 
degree of intermingling of broods was 
greater in 1955 than would normally be ex- 
pected. It is conceivable that young grouse 
lost from their mother would, under the 
conditions existing in 1955, be able, due to 
chance encounter, to attach themselves to 
another brood. There was some evidence 
of this in that, where birds of two age groups 
were observed or trapped together, often 
only one hen was present, and only one or 
two young in the group were noticeably 
larger or smaller than the others. 

Since 1946, when grouse were at a “low” 
on the study area, the trend of the fall popu- 
lations has been upward. Concurrently, fall 
and winter losses to the population have 
increased. These losses, which occurred 
between October and February, averaged 
38 per cent of the fall population for the last 
seven years of the study. During the winter 
of 1955-56, a decrease of 70 per cent oc- 
curred in the population. These losses were 
not accounted for on the basis of known 
mortality. Slightly less than one-fourth of 
the losses could be attributed to hunting, 
and the effect of predation was believed to 
be negligible. It now appears that much of 
this population loss can be attributed to 
egress. 

Bailey (op. cit.), Bowers (1948), Cham- 
bers (1956), and Studholme (1941) all felt 
that some grouse were possibly lost to the 
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population each year due to egress, but the 
extent of such losses was not reliably know 
Bowers, who recorded population densities 
in 1946 which were only one-fifth as great 
as those recorded in 1955, believed the popu- 
lation to be relatively stable and that it was 
affected little by dispersal of individual 
from the study area. In view of the fact that 
dispersal is the mechanism employed hy 
many species in adjusting their population 
to the available habitat, it would seem only 
natural to expect that egress from an area 
would be greater during periods of high 
populations. This would probably be sub. 
stantiated by comparison of the population 
levels and degrees of dispersal in 1946 and 
1955, but, unfortunately, no accurate data 
on movements are available for 1946. 

Although the extent and effect of egress 
on the population were determined during 
1955, there was no accurate determination 
made of ingress. However, in view of the 
fact that the population decreased 70 per 
cent following the dispersal period in 1955, 
it would seem unlikely that ingress during 
this time occurred to any significant extent. 
The fact that winter cover on the study area 
was considered to be inadequate for sus- 
taining a large population would appear to 
decrease the probability of many grouse 
being attracted to the study area during this 
period. Also, one would expect little move- 
ment into an area already overstocked and 
from which a large segment of the existing 
population was leaving. 

On the other hand, it appears quite likely 
that during the summer the area assumed an 
aspect greatly enhanced by favorable ef- 
fects of recent grouse management and that 
broods from adjacent localities were attract- 
ed to the managed portion of the study area. 
The amount of surrounding cover from 
which such movements originated was cer- 
tainly much less than that populated in the 
fall by dispersing young. Future movement 
studies should endeavor to define more 
clearly the extent and effect of ingress. 

By re-examining Figures 1 and 2, it wil 
be noted that recoveries of leg bands were 
made from two localized areas, the north- 
east corner of the study area and adjacent 
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jand and that portion of the study area near 
the eastern border. We believe that this 
particular distribution of records is probably 
accounted for by the fact that heavier and 
more successful hunting occurred in these 
two sections as compared with hunting on 
the western periphery of the study area. 


SUMMARY 


From June 1954 to May 1956, 128 grouse 
were banded on a 1,470-acre study area in 
central Pennsylvania. These included 86 
juveniles and 18 adults banded during the 
summer and fall of 1955 and represented 
approximately one-half of the total popula- 
tion. Movement information was obtained 
on 43 grouse or 34 per cent of the total 
banded. 

It appears that the cruising radius of most 
grouse broods on the study area in 1955 did 
not exceed one-fourth of a mile. Intermin- 
gling of broods occurred frequently that 
year. Information was obtained on the dis- 
persal of six grouse broods. Dispersal began 
in mid-September and reached its peak in 
October. 

Random dispersal movements of 17 juve- 
niles banded in 1955 were obtained by the 
return of bands by hunters. These repre- 
sented 20 per cent of those banded during 
that summer. Fifty-nine per cent of these 
juveniles moved farther than 1 mile from 
their original point of capture during the fall 
dispersal. A dispersal movement as great 
as 7.5 miles was recorded. Movement data 
indicated that one-half of the juvenile popu- 
lation was lost from the study area due to 
egress during the fall of 1955. 

Movements of 12 adults indicated that, 
following the first mating season, grouse 
become relatively sedentary, particularly 
males. Only one male, banded as an adult, 
was reported farther than 14 mile from the 
banding site, although females were known 
to move farther than 1 mile. 
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MARSH GASES IN MUSKRAT HOUSES IN WINTER' 


Howard S. Huenecke, Arnold B. Erickson, and William H. Marshal] 


U.S. Fish and Wildlife Service, Minneapolis, Minnesota, 
Minnesota Department of Conservation and University of Minnesota, St. Paul 1, Minnesota 


In the winters of 1947-48 and 1949-50 
the Minnesota Division of Game and Fish 
received numerous reports of the finding of 
dead muskrats (Ondatra zibethicus) in 
marsh habitats north of St. Paul, Minnesota. 
It was suggested that the peat bottoms of 
these areas produced lethal gases that ac- 
cumulated in the rat houses and caused this 
mortality. No post-mortem examinations of 
dead muskrats were made, but the above- 
mentioned possibility of an accumulation of 
lethal gases was investigated. 

The objectives of this study were to ascer- 
tain the amount and kinds of marsh gases 
that may accumulate in muskrat houses in 
winter, and to estimate whether or not these 
gases might be detrimental to muskrats. 

Eight separate study areas were visited at 
intervals of 2 to 4 weeks from November 
1949 through March 1950 for the purpose 
of collecting samples of air from the muskrat 
houses. At first, air samples from individual 
muskrat houses were collected at weekly 
intervals. Later, collections were made at 
biweekly intervals to reduce the amount of 
disturbance to each house. 


DeEscrIPTION OF STUDY AREAS 

Houses in eight different marshes were 
sampled during the winter. Three of these 
marshes, located in the Carlos Avery Game 
Refuge west of Forest Lake, Minnesota, are 
in an area predominantly of peat soil with 
an interspersion of small islands of Merri- 
mac loamy fine sand (Smith, Nesom, and 
Roth, 1918). The vegetation was predom- 
inantly cat-tail (Typha latifolia). Other 
emergent vegetation included rice-cutgrass 
(Leersia oryzoides), sedges (Carex spp.), 
cane (Phragmites maxima), bulrush (Scir- 





1 This investigation was financed by the Minne- 
sota Division of Game and Fish, Pittman-Robertson 
Unit, Project W-11-R, and carried out as a graduate 
research project in the Department of Entomology 
and Economic Zoology, University of Minnesota. 
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pus acutus), and wild rice (Zizania aqua- 
tica). Aquatic vegetation included pond. 
weeds (Potamogeton berchtoldi, P. zoster. 
formis, P. natans, P. pectinatus), coontail 
( Ceratophyllum demersum ), star-duckweed 
(Lemna trisulca), and water moss (Dre. 
panocladus sp.). 

The other five areas, all in Ramsey Coun. 
ty, may be characterized briefly as follows: 
(1) The southwest bay of Lake Owasso in 
Rose Township is a peat soil with under. 
lying admixtures of silt and clay (Smith and 
Kirk, 1916). Again the most abundant vege. 
tation was cat-tail, although sedges, smart- 
weeds (Polygonum spp.), rushes (Eleo- 
charis spp.), and duck-potato (Sagittaria 
latifolia) were also found. Aquatic vegeta- 
tion included sago pondweed ( Potamogeton 
pectinatus), yellow water-lily (Nuphar varie- 
gatum), and coontail. (2) An extensive 
marsh in White Bear Township near the 
junction of U.S. Highway 61 and County 
Road D had similar soils and vegetation. 
(3) A small marsh supporting cat-tails north 
of New Brighton in Mounds View Township 
lies in a Hinckley loamy fine sand. (4) A 
marsh on Snelling Avenue in Rose Township 
had Merrimac loamy fine sands and Miami 
loams and vegetation that was chiefly river 
bulrush (Scirpus fluviatilis). (5) Another 
area on County Road C in Rose Township 
had similar soils and vegetation. 


FIELD TECHNIQUES 


Field equipment consisted of a “sampling 
device,” two hand-operated rubber suction 
pumps, ten rubber gas bags, an iron rod, a 
piece of heavy cloth, a small bottle of 
glycerin, a flare, two pairs of pliers, and a 
hand ax (Fig. 1). Flares were used to thaw 
the sampling device when water or moist ait 
from within the house caused it to freeze in 
subzero weather. The glycerin was used to 
lubricate the inner pipe of the sampling 
device to help prevent freezing. 
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Field equipment used to collect gases 
from muskrat houses. 


Fic. 1. 


A sample of the air from inside a muskrat 
house was collected by thrusting the sampler 
through the walls of the house into the 
chamber (Fig. 2). A heavy cloth was packed 
tightly around the sampling device where it 
protruded from the house. The inlet hole 
in the sampler was opened, and the suction 
pump was compressed 8 or 10 times to re- 
move any atmospheric air that might have 
been in the sampling device. A rubber gas 
bag was then attached to the sampler and 
a quantity of the air from inside the house 
chamber was pumped into the bag. The 
bags were filled to approximately one-half 
their capacity. A definite, known quantity 
of air was not needed because the analyses 
were determined on a percentage basis. 

After a sample had been obtained from a 
house, the iron rod was used to probe the 





Fic. 2. 


Position of sampling device after with- 
drawing gases from muskrat house. 


house to determine if it was still active—an 
open, unfrozen plunge hole was the criterion 
used. All holes made in a house were closed 
and packed tightly. Some of the houses that 
froze and became inactive during the course 
of the investigation were opened and exam- 
ined; no dead muskrats were found. All 
houses that appeared to be frozen were not 
examined because there was the possibility 
that they would be reopened by muskrats 
and become active again. 

All muskrat houses on the study areas 
were assigned a number and marked with 
a tag, so that the origin of air samples could 
be recorded in the field and the data trans- 
ferred later to laboratory data sheets. 


LABORATORY TECHNIQUES 


Laboratory techniques used in this investi- 
gation were essentially the same as those 
used by the School of Veterinary Medicine, 
University of Minnesota, in the analysis of 
respiratory gases of animals and rumen gases 
of cattle. We are indebted to C. F. Sellers 
and K. Horita of the Veterinary School for 
assistance and help in working out the gas- 
analysis procedure. 

The apparatus used is commonly referred 
to as the “Scholander gas analysis equip- 
ment.” The apparatus and the analysis 
method were developed by P. F. Scholander 
to meet conditions under which the speed 
and convenience of a less accurate method 
were of greater importance than the high 
accuracy obtained in the time-consuming 
methods of ordinary gas analysis. For simi- 
lar reasons, the Scholander method was 
selected for this investigation. 

Scholander (1942), in determining the 
presence of only carbon dioxide and oxygen, 
could analyze a sample in one-half minute 
to five minutes with an accuracy of 0.5 to 1.0 
per cent of total volume analyzed. Gas- 
analysis methods more commonly used re- 
quire up to three hours per sample. In this 
investigation, determinations were made for 
carbon dioxide (COz), oxygen (Oz), meth- 
ane (CH,), and hydrogen sulfide (H.S). 
Analytical time was 15 to 20 minutes for 
each sample, with an accuracy of 1.0 to 2.0 
per cent of total volume analyzed. 











Fic. 3. Laboratory apparatus. 


The general principle of the method used 
is that described by Scholander (ibid.) as 
follows: “The gas sample is drawn through 
a hypodermic needle into a syringe which is 
adjusted to a fixed capacity. The gas is in- 
jected through a rubber tube directly into 
a measuring burette which is filled with the 
desired absorbent. The percentage of gas 
left or absorbed is read directly on the 
burette.” 

The apparatus used (Fig. 3) consisted of 
three Scholander gas burettes, three leveling 
bulbs, three 5-cc. syringes in adjustable 
holders, and other miscellaneous laboratory 
equipment. The burettes were of 6-mm. 
bore and graduated into 50 parts from the 
closed end so that the graduated capacity 
was 5 cc. At the open end of the burette 
was a bulb of about 25-cc. capacity. The 
burettes were each connected through a 
rubber tube of about 8-mm. bore with the 
leveling bulbs of 15- to 20-cc. capacity. For 
convenience, the burettes and_ leveling 
bulbs were mounted on a panel. 
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The three 5-cc. syringes were mounted 
rigidly in frames, so that their maximyn, 
capacity could be adjusted and fixed by a 
setscrew and locknut to match the graduated 
capacity of the respective burette, The 
syringes were provided with %4-inch, 4 
gauge hypodermic needles. The syringe 
plungers were kept well greased with 
vaseline. 

The following reagents were used. Fo; 
carbon dioxide absorption, one burette was 
filled with a 10 per cent solution of potas. 
sium hydroxide; for oxygen absorption the 


second burette was filled with an alkalix. } 


pyrogallate solution (160 g. KOH, 130 mi. 
H,0, 10 g. pyrogallate acid—this solution 
was diluted 1:1 with water to prevent sludg. 
ing or crystallizing) and layered with min. 
eral oil to prevent oxidation from occurring 
in the leveling bulb; and for methane ab. 
sorption, the third burette was filled with 
butanol (butyl alcohol (N) ). 

Before running the analyses of any group 
of samples, the calibration of the syringes 
was checked against the burettes. This was 
necessary because of fluctuations in the 
laboratory temperature and the differences 
in the expansion or contraction of the 
burettes, syringes, and reagents that re- 
sulted. To calibrate, the vaseline-greased 
syringes were filled with atmospheric air, 
and the air injected into the reagents. If 
necessary, the setscrews on the holders were 
readjusted so that after a few repetitions the 
volume expelled came exactly to the ‘V’ 
mark of the burette containing 10 per cent 
KOH and of the burette containing butanol, 
and to the 79 mark of the one containing al- 
kaline pyrogallate (the nitrogen percentage 
of atmospheric air), after a 1- to 2-minute 
period to allow complete drainage and after 
the leveling bulb was raised or lowered in 
order to bring the menisci of the burette and 
leveling bulb to the same level. 

In making the actual’ analysis, the gas 
samples were obtained by puncturing the 
rubber tube on the gas bags with a syringe 
needle and the syringe filled by repeated 
washing. The needle was then withdrawn 
and immediately stuck into the analyzer 
and the gas injected into the reagent. The 
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gas volume absorbed was then read as a 
percentage figure directly from the burette 
(except in the case of methane ) after allow- 
ing sufficient time for drainage and after 
leveling the menisci. The burettes were then 
freed of gas by hanging them downward 
and allowing the gas bubble to escape up- 
ward and out through the leveling bulb. In 
all instances the gas bags and their contents, 
when brought in from the field, were 
allowed to warm up to room temperature 
before analyses were made. 

With oxygen it was necessary, after in- 
iecting the gas sample, to tip the burette so 
as to return the gas bubble to the burette 
bulb, and to shake it until the size of the 
bubble stopped decreasing. This was done 
to insure maximum absorption. Oxygen was 
determined on two independent samples, in 
one of which the carbon dioxide content was 
determined, and in the other, carbon dioxide 
plus the oxygen (the alkaline pyrogallate 
absorbed carbon dioxide as well as oxygen). 
The difference between the readings gave 
the percentage of oxygen. 

There is no reagent for methane that will 
give complete absorption. Work done on 
this problem at the University of Minnesota 
School of Veterinary Medicine showed that 
butanol gave the most satisfactory results 
and was the easiest to work with. Therefore, 
it was also used in this investigation. Since 
butanol does not give complete absorption, 
it was necessary to run a series of analyses 
on known mixtures of methane and atmos- 
pheric air and to plot a curve showing the 
relative absorption for these various known 
mixtures. With the use of this curve the 
quantity of methane as a percentage of total 
volume of sample could be obtained. When 
carbon dioxide was present (COz was de- 
termined first for each sample ), it was neces- 
sary to remove it from a quantity of the 
sample before analyzing for methane, be- 
cause butanol will absorb carbon dioxide as 
wellas methane. This was done by bubbling 
a quantity of the sample through a beaker 
filled with 10 per cent KOH and catching 
itin an inverted glass cylinder. A sample of 
this carbon-dioxide-free gas was then ob- 
tained by inserting the syringe needle into 


the rubber stopper of the glass cylinder and 
filling it by repeated washing, and then in- 
serting it into the analyzer. The reading of 
the burette was then taken as a percentage 
of methane read from the curve. 

During the analyses of a group of ten 
samples, the syringes were rinsed out in a 
solution of 5 per cent citric acid and 0.04 
per cent methyl red indicator after each 
separate analysis. The reagents were usually 
changed after analyzing each group of ten 
samples. It may not have been necessary to 
change reagents so frequently, but it was 
done to minimize possible error. 

For hydrogen sulfide, only a qualitative 
test was made. This consisted of passing a 
portion of the contents of each gas bag over 
a piece of filter paper soaked in a solution 
of lead acetate (190 g. Pb(C2H3;02)23H2O 
dissolved in water and diluted to one 
liter). The presence of hydrogen sulfide is 
indicated by a brown or black discoloration 
of the lead acetate paper. At first, small 
strips of commercially prepared lead acetate 
paper were used. It was found, however, 
that the larger pieces of filter paper soaked 
in the laboratory-prepared lead acetate solu- 
tion were more convenient to use. Nitrogen 
was determined by summing the percentage 
of methane, carbon dioxide, and oxygen and 
subtracting from 100. 


FINDINGS 


During the 5-month period, 245 gas sam- 
ples taken from 153 houses in the eight study 
areas were analyzed according to the meth- 
ods described above (Table 1). No dead 
muskrats were found, although at the end 
of the investigation there were 81 inactive 
houses compared to 72 active ones. It should 
be noted that in the areas subjected to legal 
trapping the number of inactive houses was 
62 while only 44 active houses remained. 
This was a much higher ratio than in the 
closed areas where there were 19 inactive 
to 28 active houses. Presumably this dis- 
crepancy may have been due to trapping— 
but this is actually unknown. 

Before presenting the results of the labora- 
tory analysis, it should be pointed out that 
data on the rate of diffusion of the several 
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TABLE 1.—THE NuMBER OF HousEs, THE FATE oF HOUSES, AND THE NUMBER OF Gas SAMPLEs 
OBTAINED ON EACH OF THE STUDY AREAS 

















At Beginning of Study At End of Study 
Mean 

Total Water Depth Number of Number of Total 

la a ee of a A en aoe evr Number of 

y a ouses neches ouses ouses Samples 
South end of Carlos Avery 12 16 9 3 64 
Box Culvert Area, Carlos Avery 33 19 17 16 15 
Lake Owasso’ 24 22 8 16 39 
Marsh at jct. U.S. 61 and Co. Rd. D' 76 26 33 43 55 
Huber Lake, Carlos Avery $ 20 2 0 2 
Pond on Snelling Avenue’ 2 18 1 1 4 
Pond on Co. Rd. C* 2 12 0 2 5 
Pond north of New Brighton’ 2 16 2 0 l 
Totals 153 72 81 245 





1 Areas trapped during legal trapping season, December 1949. 


gases through ice could not be found in the 
literature. This introduces an unknown of 
possible significance into the situation. 

It is probable that the absence of methane 
in samples taken after December 16 was 
due mainly to reduced anaerobic decomposi- 
tion of bottom materials at the lower tem- 
peratures of winter conditions. Greenbank 
(1945) indicates that the decomposition re- 
sulting in formation of methane, hydrogen 
sulfide, and so forth, at 44.6°F. is one-fifth 
that of the amount occurring at 68°F. Re- 
duced decomposition of bottom materials at 
temperatures around 32°F., plus the fact 
that methane is soluble in cold water, prob- 
ably accounts for the absence of methane in 
samples of air from within muskrat houses 
during winter months. 

Based on the lead acetate paper test, no 
hydrogen sulfide was noted in any of the 
samples. Again, reduced decomposition of 
bottom materials at low temperatures, plus 
some absorption by water, probably ac- 
counts for the absence of hydrogen sulfide 
in the samples. 

The only gas found to accumulate to any 
extent in muskrat houses in winter was car- 
bon dioxide. These accumulations may have 
been the result of the respiration of the 
muskrats occupying the houses rather than 
decomposition of bottom materials. Carbon 
dioxide is quite soluble in water (one volume 
of water will absorb 1.713 volumes of carbon 
dioxide at 32°F.), and any carbon dioxide 


resulting from decomposition would prb- 
ably be absorbed before finding its way inty 
muskrat houses. 

When the carbon dioxide accumulations 
were plotted by dates, there was a gradual 
build-up from less than 0.5 per cent in early 
November to a high of 5~7 per cent in early 
February, followed by a sharp decline to 
less than 0.5 per cent by mid-March. The 
accumulation may be related to the external 
snow cover and the formation of an icy shell 
11% inches thick on the inside of the walls of 
the houses. 

The decline of carbon dioxide in samples 
taken late in March was probably due to 
raised water levels in the houses following 


the spring thaws, which resulted in increased | 


absorption of the carbon dioxide by water. 
There was no correlation between carbon 
dioxide accumulations and atmospheric ten- 
peratures. A comparison of carbon dioxide 
accumulations with snow falls occurring 
throughout the winter also showed no sig- 
nificant correlation. 

On the basis of studies on muskrats and 


other mammals, it is believed that the car- | 


bon dioxide accumulations found in muskrat 
houses during the study would not have 
caused the death of muskrats. Three or 
four per cent carbon dioxide in the air has 
an effect on man, but death, according to 
Scott (1939), is not caused until the cor- 
centration nears 50 per cent. Experiments 
conducted by Irving (1938) with beaver 
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(Castor canadensis ) and muskrat show that 
these animals can withstand higher concen- 
trations of carbon dioxide than man without 
being affected. He found that carbon diox- 
ide concentrations of up to 10 per cent had 
no effect on beavers and muskrats, but that 
cats were affected. He concluded that for 
beaver and muskrat, “COs is not an effective 
stimulant for reducing blood flow through 
muscle, just as it likewise fails to affect 
breathing, cardiac activity and arterial blood 
pressure. 

The oxygen content of the air inside musk- 
rat houses was inversely related to the 
carbon dioxide content. This balance is 
probably due to the respiratory activities of 
the muskrats occupying the houses. 


ANALYSIS AND RECOMMENDATIONS 


This investigation showed that, under the 
conditions that existed during the winter of 
1949-50, no gas accumulations in muskrat 
houses were found that would have been 
lethal to muskrats. Carbon dioxide was the 
only gas that accumulated to any extent— 
7 per cent of total volume of sample was 
the highest concentration found. According 
to the work of Irving (ibid.), even with an 
error of plus or minus 2 per cent of vol- 
ume, this concentration would probably 
have no effect on muskrats. No correlations 
were found between carbon dioxide con- 
centrations and atmospheric temperature or 
precipitation. 

More work, however, should be done to 
attempt to explain the wide fluctuations that 
were noted in carbon dioxide concentrations 
within the muskrat houses. These fluctua- 
tions are probably correlated with activity 
and periodicity of occupancy of the musk- 
rats. It is suggested that future work in- 
clude: (1) the continuous recording of tem- 
peratures inside muskrat houses as well as 
outside by the use of recording thermo- 
graphs; (2) the observation of activity with- 
in the houses by use of a “Mirropane”—the 
familiar “one-way mirror” used in observing 
without being observed; (3) the analyses 
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of samples of air from houses in conjunction 
with items (1) and (2) above; and (4) the 
determination of diffusion rates of different 
gases through various thicknesses of ice. 


SUMMARY 


Following reports of muskrat mortality 
in certain peat marshes north of St. Paul, 
Minnesota, the accumulation of marsh gases 
in muskrat houses was investigated during 
the winter of 1949-50. Two hundred and 
forty-five samples of gaseous contents of 153 
houses in eight different areas were ob- 
tained by a sampling device adapted after 
instruments utilized by veterinarians to sam- 
ple gases in the digestive tracts of large 
animals. 

In the laboratory, determinations of car- 
bon dioxide, oxygen, methane, and hydro- 
gen sulfide concentrations were made using 
the “Scholander gas analysis equipment.” 
The only gas that accumulated in the musk- 
rat houses was carbon dioxide. There was a 
gradual build-up to concentrations of 5-7 
per cent in early February followed by a 
sharp decline by mid-March. On the basis 
of reports in the literature, it was concluded 
that concentrations of this magnitude would 
have no effect on muskrats. 
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SOME OBSERVATIONS ON RABIES IN ALASKA, 


WITH SPECIAL REFERENCE TO WILD CANIDAE 


Robert Rausch 


Zoonotic Disease Section, Arctic Health Research Center, Public Health Service, U.S. Department of 
Health, Education, and Welfare, Anchorage, Alaska 


It is the purpose of this paper to summa- 
rize available information on outbreaks of 
rabies recorded in canine animals in Alaska 
over a 9-year period (1949-57), and to dis- 
cuss some problems relating to the natural 
history of rabies in high boreal regions. 

Four species of wild canids occur in 
Alaska: (1) coyotes, Canis latrans, are 
found throughout most of the forested in- 
terior; (2) wolves, Canis lupus, are distrib- 
uted over the entire mainland, excepting 
those regions where wild ruminants are 
absent; (3) arctic foxes, Alopex lagopus, are 


restricted in their distribution on the maip. 
land to the tundra zone of northern and 
western Alaska—they also inhabit islands 
in the Bering Sea (Nunivak, the Pribilofs 
the St. Matthew Islands, and St. Lawrence), 
and have been introduced on many of the 
Aleutian Islands; (4) red foxes, Vulpes 
vulpes, are found over the entire mainland 
and are indigenous on Kodiak, Unimak, and 
Nunivak Islands. They sometimes reach St 
Lawrence Island by means of the pack ice, 
but do not occur on the other remote islands 
in the Bering Sea. 
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Fic. 1. 


Major biotic regions of Alaska. The treeless regions of northern and western Alaska are tundra; 
much of the Alaska Peninsula is grown to Alnus and other nonarborescent species. Treeless coastal areas 


east of the Kenai Peninsula represent glaciers. (Map compiled from various sources. ) 
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Fic. 2. Map of Alaska, with localities from 

In addition to the wild canids, domesti- 
cated dogs are associated with human habi- 
tations throughout the Territory. Except in 
the largest towns, the dogs are kept exclu- 
sively for use as draft animals. 

The distribution of the wild mammals 
mentioned in this paper can be related to 
the major biotic regions of Alaska, shown in 
Fig. 1. The more important place names are 
indicated in Fig. 2. Southeastern Alaska has 
not been included in this consideration. 

During the time of the observations re- 
ported herein, rabies has been recorded fre- 
quently in foxes (both Alopex and Vulpes), 
only twice in wolves, and not at all in coy- 
otes. The a priori diagnosis of rabies seems 
generally to be justified whenever inhabited 
places are invaded by wild canine animals 
manifesting aggressive behavior toward man 
and dogs. With the exception of a coyote 
from southern Alaska, rabies was confirmed 
by isolation of the virus from all canine 


which rabid animals have been recorded. 


animals showing this behavior that were ob- 
tained for study. In uninhabited regions, 
outbreaks of rabies have usually been detec- 
ted through the finding of dead foxes. With- 
out exception, rabies has been confirmed in 
all such foxes obtained from arctic Alaska. 
Two red foxes found dead on Kodiak Island 
were not rabid, however. 

The possibility exists that animals affected 
by canine distemper may occasionally ap- 
pear to be rabid. Helmboldt and Jungherr 
(1955) and Habermann, et al. (1958) re- 
ported that foxes having canine distemper 
sometimes show aggressive behavior resem- 
bling that of rabid animals. Canine distem- 
per is enzootic in sledge dogs in some regions 
of Alaska, but its occurrence in wild canids 
has not been confirmed. In July 1952, fol- 
lowing an epizootic outbreak of distemper 
in sledge dogs along the arctic coast during 
the previous winter, distemper appeared in 
dogs at Anaktuvuk Pass, about 250 miles to 
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the south. Although it is believed that the 
disease might have been transmitted through 
wild canids to this locality (Reinhard, et al., 
1955), no evidence for this was obtained. 
Another epizootic outbreak of distemper oc- 
curred in the lower Kuskokwim River region 
during the winter of 1957-58, but again there 
was nothing to indicate that the wild canids 
were affected. 
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HistoricAL BACKGROUND 


That rabies is a common disease of wild 
canids in Alaska has become evident only 
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in recent years, during which improved 
facilities for transportation and communica. 
tion have made it much easier to obtain 
suitable specimens and information from 
all parts of the Territory. 

The earliest record of a rabies-like disease 
in Alaska appears to be that of Nelson (1887: 
237), who stated that such a disease ma 
known in sledge dogs “. . . from Greenland 
to Bering Sea.” From his description, the 
disease observed was clinically identicy| 
with rabies. A. Murie (1944) received jp. 
formation on an outbreak of rabies among 
foxes along the lower Kuskokwim River jy 
the spring of 1907. In April and May 1915 
Ferenbaugh (1916) diagnosed rabies in 
foxes in the region of the Yukon delta, 
Williams (1949) summarized information 
on rabies in Alaska and reported the epi- 
zootic outbreaks of 1945-47. A few isolated 
cases have been reported more recently 
(Rausch, 1951, 1953; Schiller and Rausch, 
1956). 

Rabies has been rarely diagnosed in man 
in Alaska. Ferenbaugh (op. cit.) cited a 
case following an attack by a sledge dog 
near Candle during February 1914. In 1942, 
an old Eskimo died apparently of rabies on 
March 14; on January 27, he had been at- 
tacked and severely wounded by a wolf in 
his camp about 10 miles north of Noorvik 
(Newcomb, unpublished data). A third 
case was diagnosed clinically at the Barrow 
hospital in May 1943; at that time the pres- 
ence of the disease in dogs in the village 
was confirmed. 


METHODS 


Whenever suspected animals could be 
obtained, the diagnosis of rabies was made 
only by the isolation of the virus. Most of 
this work was performed at the laboratory 
of the Virus and Rickettsia Section, Com- 
municable Disease Center, in Alabama, to 
which brain tissue was sent for the inocula- 
tion of experimental animals. Such tissues 
were collected at the laboratory in Anchor- 
age and preserved in 50-per-cent glycerin. 
A portion of each brain was also preserved 
in 10-per-cent Formalin for histological ex 
amination. Routine microscopic examina- 
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tions were not made, since it has been found 
that the typical inclusion bodies of rabies 
(Negri bodies ) usually are not visible in the 
brains of rabid animals in Alaska. 


Recorps OF RaBw ANIMALS (1949-57) 


Records of rabies in canine animals, in- 
duding dogs, are listed below by year. The 
specific identity of a few foxes, not submit- 
ted to me, was not determined. The diag- 
nosis of rabies was confirmed by the inocu- 
lation of experimental animals for all canids 
designated below as rabid. Unconfirmed 
reports of outbreaks of rabies have also been 
included. It is known that rabid foxes enter- 
ing villages have sometimes been killed and 
not reported; consequently, the records pre- 
sented here are incomplete. All records are 
shown, by species, on outline maps (Figs. 
3-7). 

1949. A rabid dog was killed during January at 
Fort Yukon. Reports were received of arctic foxes 
attacking dogs in the villages of Barrow and Point 
Lay during the fall (Fig. 3). 

1950. A rabid dog was killed in Anchorage in 
February. Despite the presence of a very large, 
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Fic. 3. Records of rabid animals in Alaska, 1949- 

53. Hollow symbols represent animals considered 

to be rabid; the diagnosis was not confirmed in these 
by inoculations of laboratory animals. 
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uncontrolled population of dogs, no other cases 
were detected here. Rabies was reported in arctic 
foxes and dogs in the vicinity of Barrow during 
January, and a similar report was received in Feb- 
ruary from Savoonga; no specimens were available. 
I went to St. Lawrence Island in April to procure 
additional information, and while there, an arctic 
fox, later found to be rabid, was shot when it 
entered the village of Gambell on May 4. I ex- 
amined several dogs manifesting clinical signs of 
rabies; these animals were destroyed. An uniden- 
tified fox attacked dogs in Kivalina during Decem- 
ber, but was not preserved for study (Fig. 3). 

1951. A rabid dog was killed in Anchorage on 
February 19; again this was an isolated case. Rabies 
was not reported among wild canids during 1951 
(Fig. 3). 

1952. A rabid wolf was shot on May 4, when it 
attacked dogs in an Eskimo camp at Anaktuvuk 
Pass. During the late summer and early fall, a 
number of apparently rabid red foxes invaded 
Chalkaytsik and attacked dogs. At least 12 foxes 
were killed between August and November. Three 
foxes and one dog were subjected to laboratory 
studies and proved to be rabid. Red foxes were 
reported to have attacked dogs near Port Moller 
during late November. A dog at Fort Yukon was 
reported to have shown clinical signs of rabies in 
December (Fig. 3). 

1953. During June, F. H. Fay found an arctic 
fox, presumably dead of rabies, at Siknik, St. Law- 
rence Island. A red fox was killed at Minto after 
it had attacked dogs and attempted to enter a 
dwelling. Neither animal was preserved (Fig. 3). 

1954. A rabid red fox was killed at Kwethluk on 
February 26. On the same day, a rabid arctic fox 
was killed after attacking dogs in Nome. During 
April and May, a rather extensive outbreak of 
rabies occurred in foxes along the arctic coast. A 
rabid arctic fox was killed in Barrow on April 17, 
after it had bitten eight sledge dogs. Three arctic 
foxes showing behavior typical of rabid animals 
attacked dogs in Wainwright at about the same 
time; the one obtained was rabid, and at least one 
dog was killed after it showed clinical signs of 
rabies. At this time, George Thiele, a pilot at 
Barrow, made some interesting observations. Arctic 
foxes are easily observed from small planes flying 
at low altitudes; they always show great fear of 
such planes and attempt to escape by running away. 
During April, Mr. Thiele observed that foxes south 
of Wainwright often behaved in an unusual man- 
ner, i.e., they made no attempt to run away, but 
stood their ground and showed signs of aggressive- 
ness. Such behavior was noted in eight or ten foxes, 
and it seems probable that these animals were rabid. 

Three rabid animals were submitted to this 
laboratory from Kotzebue: a red fox attacked dogs 
on March 27 and was killed; one of these dogs was 
shot on April 16, when it showed clinical signs of 
rabies; an arctic fox was killed on April 30. A 
rabid dog was killed in Unalakleet on April 16. 
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During March, several red foxes were destroyed 
when they attacked dogs in the Aleut village of 
Kanatak. After the snow melted in the late spring, 
other dead foxes were found, but material was 
not saved for examination. At least one dog at 
Kanatak later showed clinical signs of rabies. A 
rabid red fox was killed on April 25 at Naknek, in 
the same region. 

During May and June, arctic foxes attacked dogs 
in Savoonga, St. Lawrence Island, and some of the 
latter eventually developed clinical signs of rabies. 
Several Eskimos were attacked by arctic foxes near 
Gambell during June, and dogs in this village were 
reported rabid. F. H. Fay found two dead foxes 
in early June, one near Gambell and one near 
Singikhpuk. At least seven more dead foxes were 
found by Eskimos at Poowooliak, Moghoweyik 
River, and Kaghoopalik, in the western part of the 
island. All were in the winter pelage. Other foxes, 
which might also have died during the colder 
months, were found in July and August. Arctic 
foxes again invaded Savoonga during September. 
In late November and early December, I traveled 
over the full length of the island by dog team, and 
from two to five recently dead foxes were found 
daily on the trail. Since no effort was made to 
search for such animals, extensive mortality was 
indicated. Unfortunately, we were unable to carry 
the animals with us, and so none was preserved. 
However, since rabies appears to be endemic on 
St. Lawrence Island, and lacking any evidence of 
distemper among the dogs at that time, I regarded 
rabies as the cause of death in these animals. 
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Fic. 4. Records of rabid animals in Alaska, 1954. 
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Fic. 5. Records of rabid animals in Alaska, 1955, 


Over a 5-week period during August and Sep. 
tember, I found several dead arctic foxes on S¢t. 
Matthew Island. These were in winter pelage, and 
decomposed to the extent that the cause of death 
could not be determined. Since voles (Microty 
abbreviatus) were extremely abundant, starvation 
could hardly have been the cause of death. There 
was no evidence of any disease among the living 
foxes observed or collected during this time. 

A rabid wolf was shot in Kiana on October 2, 
after it had bitten about 20 dogs. Six of these dogs 
developed clinical signs of rabies within the nett 
3 weeks and were destroyed. No dogs were sub- 
jected to laboratory investigation (Fig. 4). 

1955. A rabid red fox was killed on March 4, 
when it attacked dogs near Nome; another was 
found dead at Anaktuvuk Pass the same month, 
Red foxes attacked dogs in Bethel on July 29 and 
30; one killed in August was proved rabid. A rabid 
red fox was killed while attacking dogs in Noorvik 
about mid-October; one of the latter became rabid 
and was killed on November 12, when it attempted 
to bite its owner. Three or four arctic foxes re 
garded as rabid were reported from Savoonga dur 
ing the fall, but none was preserved for study 
(Fig. 5). 

1596. A rabid red fox was killed on February 6, 
while attacking a resident of Marshall. Another wa 
killed on February 11, as it was fighting dogs a 
Cold Bay. On April 16, flying in a small planes 
few miles northeast of Kotzebue, Robert Bur 
holder, U.S. Fish and Wildlife Service, found two 
obviously abnormal red foxes, his attention having 
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Fic. 6. Records of rabid animals in Alaska, 1956. 


heen brought to them by their erratic trails in the 
snow. The first was seen in a moribund condition 
at the end of one trail. Later in the day, upon Mr. 
Burkholder’s return flight, this animal was dead; 
landing in the area was impossible, however. The 
second fox, dead when found, was secured and 
proved to be rabid. A rabid dog was shot in Bethel 
on April 27. 

During the fall, an outbreak of rabies took place 
along the Arctic coast. Many arctic foxes moved 
into the area of a large construction camp near 
Point Barrow during September, apparently at- 
tracted by refuse and the food proffered them by 
the local personnel. By mid-October, it was esti- 
mated that about 125 foxes ranged in the camp 
area. The first signs of the disease were noted on 
September 24, when a worker was attacked by a 
fox. This animal was killed and found to be rabid, 
as were five others killed during October and early 
November. Although foxes were uncommon around 
the village of Barrow, a few miles down the coast, 
signs of rabies were noted there in dogs during the 
same period; an effort was made to destroy unre- 
strained dogs, and 58 of these animals had been 
killed by late November. Some of the foxes grad- 
ually moved northward onto the sea ice, but many 
remained in the camp. In order to ease the problem, 
it seemed advisable to destroy as many of the foxes 
as possible; 56 were trapped over a 4-day period 
(November 21-24). These, including one red fox, 
were made available to this laboratory for study. It 
was demonstrated that 5 of the arctic foxes (9 per 
cent of the total) were rabid. 


The outbreak subsided following the elimination 


of stray dogs and foxes in the area. Rabid foxes 
attacked dogs in Wainwright during the same period 
of time. However, few foxes were involved, and no 
serious problem resulted (Fig. 6). 


1957. On January 26, F. H. Fay found a rabid 


arctic fox dead at Tapphook, St. Lawrence Island. 
A rabid arctic fox was Killed on February 7 at 
Barrow, and another was killed by dogs when it 
tried to enter a dwelling in Kiana on March 28. 
A rabid red fox was destroyed during November at 
Kwinhagak. An arctic fox showing clinical signs of 
rabies was shot on St. Lawrence Island during De- 
cember. 
diagnostic tests, but rabies in a dog from this area 
has been recently confirmed (Fig. 7). 


This animal has not been subjected to 


NOTES ON THE NATURAL HISTORY 
OF RABIES IN ALASKAN MAMMALS 


Alopex lagopus 


During the period 1949-57, rabies was 
confirmed (by isolation of the virus) in 19 
arctic foxes. Many more animals that could 
not be obtained for laboratory investigation 
are known to have shown clinical signs of 
rabies. Rabies is a common disease of the 
arctic fox throughout Alaska. 

The Arctic coastal plain—The tundra 
biome, to which the arctic fox is mainly 





z en 
NS cs 
<i 





@ RED FOx 
4 ARCTIC FOX 


| 











Fic. 7. Records of rabid animals in Alaska, 1957. 
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restricted in its distribution, is characterized 
by a fauna consisting of relatively few 
species of vertebrates, some of which fluc- 
tuate extremely in numbers. On the Arctic 
coastal plain of northern Alaska, the abund- 
ance of arctic foxes appears to be closely 
correlated with the population density of 
the brown lemming, Lemmus sibiricus. Fluc- 
tuations in the populations of this lemming 
show a cyclic pattern, with an average 
periodicity of 3-4 years. Brown lemmings 
were abundant in the region of Point Barrow 
in the years 1946, 1949, 1952-53, and 1956 
(Rausch, 1950; Pitelka, et al., 1955; Thomp- 
son, 1955). Although high densities of lem- 
mings are usually not contemporaneous 
over the entire coastal plain, they neverthe- 
less are of considerable areal extent. 
Following declines, most of which are 
abrupt, in the populations of lemmings, 
arctic foxes may become extraordinarily 
numerous along the Arctic coast during the 
fall and early winter. At such times, red 
foxes are usually also present, but they are 
relatively few. Arctic foxes were abundant 
in the region of Point Barrow in 1949, 1953, 
1954, and 1956, when, in the fall, the greatest 
concentration was seen. Unconfirmed rabies 
was reported in foxes at Barrow in the fall 
of 1949. I secured rabid foxes in 1954 and 
1956, and one also in 1957, when foxes were 
scarce. Farther down the coast, arctic foxes 
were unusually numerous around Wain- 
wright during the fall of 1954. Animals 
showing clinical signs of rabies were ob- 
served during the preceding spring, but 
there was no fall evidence of the disease. 
From the vicinity of Point Lay, about 100 
miles down the coast from Wainwright, and 
as far south as the mouth of the Kuskokwim 
River, a vole (Microtus oeconomus) has 
been the predominant microtine rodent of 
the tundra zone. Lemmus is also present, 
but its populations have remained at a low 
density during the time of this study. Voles 
were abundant around Point Lay in 1949 
and 1952. The numerical status of the foxes 
was not determined, but rabid animals were 
reported only during the fall of 1949. Else- 
where in mainland Alaska, no information 
was obtained that served to correlate the 


abundance of arctic foxes with the occur. 
rence of rabies. 

St. Lawrence Island—Annual obsery. 
tions on St. Lawrence Island were begun in 
1950 by the staff of the Zoonotic Disease Seo. 
tion. Although minor fluctuations in th 
numbers of M. oeconomus may have gone 
unnoticed, it appears that these rodents jp. 
creased until they attained the highest dep. 
sity observed during the summer of 1954 
From extensive field observations durin 
November and December of 1954, it was 
evident that a severe reduction in number 
of voles had occurred during the early fal] 
In the following spring (1955), voles were 
still numerous only in the most favorable 
habitat. Surveys made by F. H. Fay during 
the summers of 1956 and 1957 indicated q 
generally low density, with some increase 
evident in 1957. 

The trapping success of the Eskimos 
would seem to provide an index of changes 
in the population density of the arctic foxes 
on St. Lawrence Island. Data available for 
the village of Savoonga, obtained from the 
records of the Savoonga Native Store, are 
presented in Fig. 8. Unusual conditions of 
weather in the winter of 1948—49 led to the 
starvation of an estimated 2,000 reindeer 
(Rangifer tarandus). Although it cannot be 
confirmed, available information suggests 
that these carcasses served to attract and 
hold an unusually large number of foxes 
over the winter. A high productivity with 
good survival is indicated by the trapping 
results of the following year (1949-50). 
No figures were available for the 1950-51 
season. The very low figure indicated for 
1951-52 appears to be misleading, since, 
prior to the trapping season, many of the 
men from Savoonga were temporarily em 
ployed on a construction project; the re 
sulting income was comparatively large, an 
there was less interest in trapping. Foxes 
were clearly numerous from the winter o 
1952-53 to the winter of 1954-55. The 
abrupt decline in the numbers of voles dur 
ing the fall of 1954 undoubtedly affected 
the abundance of foxes in the following 
years, since voles are an important food- 
resource for the young while they are it 
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Fic. 8. Index of changes in population density of arctic foxes on St. Lawrence Island, as shown by 
annual trapping results of Eskimos from the village of Savoonga. Records of animals regarded as being 
rabid are indicated to the nearest month. 


the burrow. Foxes were relatively abundant 
when voles attained their maximum density. 

As may be seen from Fig. 8, rabies was 
recorded in foxes on St. Lawrence Island 
in 1950. This outbreak apparently did 
not assume epizootic proportions, although 
rabid animals were still present in the early 
spring. The outbreak of 1953-54 was much 
more extensive, and possibly caused a sig- 
nificant reduction in the numbers of foxes. 
There was evidence of rabies in foxes during 
the fall of 1955, but this was not confirmed. 
The cause of the great reduction in numbers 
of foxes during 1955-57 has not been ascer- 
tained. The disease certainly had some 
effect, but the scarcity of voles might have 
been much more significant. Rabies was 
recorded in a fox in January 1957, and a 
probably rabid animal was killed in De- 
cember 1957. Both trapping results and 
field observations substantiated the conclu- 
sion that arctic foxes were relatively scarce 
during 1956-57. 


Vulpes vulpes 


Rabies was confirmed in 14 red foxes over 
the 9-year period. Clinical evidence indi- 


cated that many other animals, not secured 
for study, also were rabid. 

The forested interior —In interior Alaska, 
particularly in the spruce forest biome, 
predator-prey relationships are relatively 
complex, and observation is more difficult. 
In addition to several species of microtine 
rodents, snowshoe hares (Lepus ameri- 
canus ) and two species of ptarmigan ( Lago- 
pus lagopus and L. mutus) fluctuate in 
numbers, and may differ greatly in abun- 
dance from one region to another at any 
given time. Since red foxes utilize these and 
other species of animals as food, their popu- 
lation density could not be correlated with 
fluctuations in the population density of 
any one species. 

Red foxes have been generally common 
in Alaska over the period under considera- 
tion. Because of their low fur value, they 
have been little trapped, and their numbers 
have not been much influenced by man. 
Information indicating significant changes 
in their numbers is lacking, except that they 
were unusually numerous in the central 
Brooks Range in 1955. During the preced- 
ing years snowshoe hares had gradually ex- 
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tended their range northward in the riparian 
vegetation of the river bottoms here, at- 
taining their northernmost limits and great- 
est density in 1955. At the same time, 
ptarmigan were abundant. Voles ( Microtus 
miurus) had been common to abundant 
since at least 1949. Except for the finding 
of one red fox dead of rabies in 1955, there 
was no evidence of the disease in this region. 
Any major outbreak of rabies could hardly 
have escaped notice, since the Eskimos 
traverse this region continually for hunting 
and trapping and would have collected for 
me any dead or obviously diseased foxes. 
I found red foxes still common here in 1956 
and 1957, during the spring. Ptarmigan 
were still abundant, but snowshoe hares 
were becoming increasingly scarce. 

The Arctic coastal plain—In the tundra 
zone of northern Alaska, red foxes are com- 
monly found in the somewhat broken coun- 
try well inland. Following times of abun- 
dance of brown lemmings or voles, red foxes 
are usually seen along the Arctic coast. At 
such times, however, they are relatively few 
in proportion to the numbers of arctic foxes. 
In the tundra zone farther to the south, 
where different topographic conditions pro- 
vide better habitat, red foxes are found along 
the coast of the Bering Sea. They have not 
been abundant anywhere in the tundra zone, 
however, and rabid animals have been re- 
corded only infrequently. 

Kodiak Island.—Since at least 1953, Ko- 
diak Island has sustained a generally high 
population of red foxes. The animals fre- 
quent the beaches, where they feed at low 
tide, and often may be seen in numbers. In 
May 1957, during a 2-week period, I some- 
times had ten or more red foxes in view at 
one time around the south end of the island. 
Their feeding habits ensure frequent con- 
tact among themselves, and this would seem 
to favor the transmission of disease. Rabies 
has not been recorded from Kodiak Island. 


Canis lupus 


Rabies has been confirmed in only two 
wolves during the time of these observa- 
tions. No additional animals suspected of 
being rabid have been reported. 





Little is known about the natural fluctua. 
tions in the numbers of wolves in Alaska 
According to A. Murie (op. cit.), wolves 
were generally numerous from about 1997 
through the early 1940’s. Cowan (1949) 
stated that wolves had been approaching g 
cyclic peak over much of northwestem 
North America during the 1940's. Of the 
wild canids, wolves have been the most ad. 
versely affected by man, principally through 
widespread predator control and bounty. 
hunting which have decimated these anj- 
mals in some regions of Alaska. 

The central Brooks Range.—In the Anak. 
tuvuk Pass region, the trapping success of 
the Eskimos, who derive most of their jn. 
come from hunting wolves, has indicated 
rather major fluctuations in numbers, Ap- 
proximately 150 wolves were taken during 
the winter of 1942-43. Descriptions pro- 
vided by the Eskimos leave little doubt that 
rabid wolves were observed in the Anaktu- 
vuk Pass region in 1945. At least five appar- 
ently rabid wolves were killed; one of these 
had attacked an Eskimo hunter, and one was 
shot as it pursued another wolf. In addition, 
Williams (op. cit.) reported rabies in a wolf 
killed in December 1945, at Central, Alaska. 
Following the maximum density of 1942-45, 
from 20 to 50 wolves were killed annually by 
the Eskimos until the winter of 1951-52, 
when the Eskimos killed about 160 and 
about 200 more were destroyed by the US. 
Fish and Wildlife Service (Rausch, 1953), 
In 1952, a rabid wolf was shot as it attacked 
dogs in a camp at Anaktuvuk Pass, but no 
others were observed. Since 1951-52, wolves 
have been scarce in this region. The natural 
fluctuations in numbers here may be much 
affected by an increasing amount of bounty- 
hunting from small planes. 


Canis familiaris 


Rabies was confirmed in eight dogs. 
Others were known to have developed clini- 
cal signs of rabies after having been at- 
tacked by foxes, some of which were proved 
to be rabid. Except for the two rabid dogs 
from Anchorage, nearly all cases of rabies 
in dogs were known to have followed attacks 
by wild canids. 
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DISCUSSION 
Rabies and Mammalian Populations 


Canine populations—Cowan (op. cit.) 
suggested that rabies may be an important 
factor in the natural control of wild canine 
populations. He attributed an abrupt de- 
cline in a red fox population in the Mac- 
kenzie delta region during the winter of 
1944-45 to a disease clinically identical with 
rabies. He was unable to obtain any speci- 
mens for laboratory study at the time. How- 
ever, the presence of rabies in this region 
was confirmed in March 1947, when a dog 
and a wolf were obtained from Aklavik 
(Plummer, 1947a). Cowan was unable to 
determine that the population density of 
wolves had been affected by the disease. 
Freuchen (1935) regarded rabies as an 
important cause of declines in the popula- 
tions of arctic foxes in eastern Arctic Canada. 

Elton (1931, 1942) was primarily con- 
cerned with the relationship between dis- 
ease and population cycles in the arctic fox. 
Unfortunately, in connection with his work, 
it was impossible to make laboratory diag- 
noses of any disease. Elton (1942:476) 
recognized a disease which had much in 
common with rabies, but which “. . . is not 
ordinary rabies and is usually quite different 
from ordinary dog distemper.” Elton con- 
cluded earlier (1931:691), from information 
derived from questionnaires sent to traders 
and others in the Canadian arctic, that “dis- 
astrous epidemics occur periodically among 
the sledge dogs of the Canadian arctic,” and 
stated further: “A similar and probably iden- 
tical disease occurs among arctic (white) 
foxes in the North, and appears to be asso- 
ciated with the periodic cycle in numbers of 
the foxes.” In his comprehensive work 
(1942), Elton concluded that cycles in 
canine populations were not caused by 
disease. 

During the last 9 years, outbreaks of rabies 
in Alaskan canids have sometimes occurred 
at times of high population density. This 
was noted in arctic foxes at Point Barrow in 
1954 and 1956. Rabies was reported but 
not confirmed in arctic foxes in 1949. No 
rabid animals, or animals suspected of being 


rabid, were recorded in this region in 1953. 
According to reports, rabies affected wolves 
at the time of the high population density 
of 1943-45; the presence of the disease was 
confirmed at the time of the next peak, in 
1951-52. Rabies was diagnosed also in arctic 
foxes at times of low population density 
(e.g., Barrow, 1957; St. Lawrence Island, 
1957). 

Knowledge is insufficient at the present 
time to allow the conclusion that rabies is 
important in the control of populations of 
canine animals in high boreal regions. Such 
sometimes may be the case, but additional 
investigation is needed. 

Most cases of rabies in Alaska have been 
recorded during the colder months. During 
this period, and up to and including the 
breeding time of early spring, arctic foxes 
move about and often congregate around 
any abundant supply of food. Concentra- 
tions following declines in lemming popula- 
tions occur in the fall. The increased contact 
among these animals probably favors the 
transmission of rabies. No other factors in- 
fluencing the seasonal occurrence of rabies 
have been defined. 

In some years, widely separated out- 
breaks of rabies evidently had independent 
origins. Large-scale, progressively spread- 
ing outbreaks, such as that in Alberta 
described by Ballantyne and O’Donoghue 
(1954), have not been observed in Alaska. 
Unfortunately, very little is known about the 
distances traveled by rabid animals. Gier 
(1948:150) stated: “The little that is known 
of rabid fox behavior indicates that such ani- 
mals probably do not travel far after they 
develop the disease, so probably the rapid 
spread of the disease cannot be attributed to 
promiscuous distribution by a few individ- 
uals.” One observation in Alaska is of inter- 
est. A wolf, mentioned earlier, attacked an 
Eskimo about 10 miles above Noorvik at 
approximately 5:00 p.m. on January 27, 
1942; this animal was killed very early in the 
morning of January 28, while attacking dogs 
in the village of Kiana, about 15 miles up- 
stream from the first locality. The wolf was 
recognized by knife wounds inflicted by the 
Eskimo on the previous day. 
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The origin of outbreaks of rabies on iso- 
lated islands in Arctic waters is difficult to 
determine. Such islands would seem to 
provide unusually favorable conditions for 
the investigation of the natural history of 
this disease. On such islands, outbreaks pre- 
sumably could originate in only 3 ways: 
(1) the disease might remain enzootic in 
resident foxes; (2) it might be introduced 
by immigrating foxes; (3) it might be enzo- 
otic in mammals of other species, from 
which it could then be transmitted to the 
foxes. 

Assuming that rabies invariably termi- 
nates fatally in foxes, the disease could hard- 
ly be maintained within a restricted popula- 
tion of small size. It is known that foxes 
immigrate to certain islands in the Bering 
Sea via the pack ice from the north (Preble 
and McAtee, 1923; O. J. Murie, 1936). Such 
foxes might introduce rabies, although there 
is no evidence for this. Nothing is known 
at the present time about the natural oc- 
currence of rabies in populations of the 
common small mammals ( microtine rodents 
and shrews), but the possibility exists that 
some of these may serve as a reservoir of 
infection from which the disease is trans- 
mitted to canine animals. 

Microtine populations —The mass dying 
of microtine rodents, particularly lemmings, 
is usually followed by the disappearance of 
arctic foxes, which were dependent upon 
them for food. The apparent relationship 
between the dying of the lemmings and the 
occurrence of a rabies-like disease in foxes 
has been noted in Arctic Canada (Elton, 
1931). With the qualification that disease 
of lemmings might be transmissible to other 
animals, Elton stated (ibid.: 689): “This 
opens up the possibility that the white fox 
disease is not only caused by the condition 
of the fox, but may even be derived directly 
from lemming epidemics.” Elton (1942) 
gave little consideration to this possibility 
in his later work. 

There is no information at the present time 
to suggest that lemmings or other microtine 
rodents have any importance per se in the 
causality of outbreaks of rabies in arctic 
foxes. Following mass dying of lemmings, 
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the foxes migrate, and conditions then fayo, 
the spread of rabies among them. Regarding 
the “mad” foxes observed in some years in 
northern West Greenland, Braestrup (194). 
83) stated: “Thus it is probable that th 
disease, which is transmissible to dogs, is 
brought to Greenland by migrating foxe 
in accordance with the fact that Arctic Foxe; 
are most liable to this disease at times of 
lemming minima.” 

Rabies in other mammals.—Excepting 
man, rabies has been recorded in Alaska only 
from canine animals. In recent years lynye; 
(Felis lynx) have invaded settlements, jp. 
cluding Anchorage and Fairbanks. The fou 
animals subjected to investigation were not 
rabid. 

Workers in wildlife management have ex. 
pressed some concern that wild ruminants, 
especially deer (Rangifer tarandus and Alces 
alces) might be infected by rabid wolves or 
foxes. Although this has not been known 
to occur in Alaska, rabies was diagnosed in 
a caribou from the Northwest Territories 
(Ballantyne and O'Donoghue, op. cit.), 
Sdobnikov (1935) reported the infection of 
domestic reindeer (R. tarandus) by foxes in 
northeastern Siberia. It is possible that such 
closely herded animals might be more wil- 
nerable to the attacks of rabid animals than 
are the wild ones. 

Ballantyne and O'Donoghue (op. cit.) 
reported rabies in a weasel (presumably 
Mustela erminea ) in Alberta, and Freuchen 
(op. cit.) stated that ermines are sometimes 
infected in eastern Arctic Canada. Such 
animals might introduce the virus among 
the smaller mammals upon which they are 
known to prey. 

Bats have a limited geographical range in 
Alaska. According to Miller and Kellogg 
(1955), Myotis lucifugus is found from the 
archipelago of southern Alaska southward. 
However, I have collected these bats on the 
Kenai Peninsula, at Anchorage, and on 
Kodiak Island. No effort has been made to 
find the virus of rabies in these animals. 
Their distribution is so restricted, and they 
are so uncommon, that it appears unlikely 
that they could have any important part in 
the epizootiology of rabies in Alaska. 
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RasieEs 1n ALASKA—Rausch 


Rabies in High Boreal Regions 


A rabies-like disease of canine animals has 
jong been known to occur in arctic and 
subarctic regions. Early records of this dis- 
ease in Canada have been discussed by 
Elton (1942), and Braestrup (op. cit.) has 
mentioned its occurrence in Greenland. 
Elton (ibid.:481) also reviewed some rec- 
ords ofthis disease in Alaska and Siberia. 
A survey of the Soviet literature is not in- 
cluded in the present paper. 

“Arctic dog disease” is recognized to have 
important epizootiological and clinical char- 
acteristics in common with rabies. However, 
the lack of any evidence that the disease is 
transmissible to man has apparently been 
the primary reason that Elton and other 
workers have regarded it as being distinct 
from rabies. Rabies apparently has never 
been diagnosed in man in Greenland ( Braes- 
trup, op. cit.). Wells (1957) pointed out 
that the extensive records available for 
Arctic Canada list no human deaths from 
rabies. The aforementioned three cases of 
rabies in man in Alaska were diagnosed by 
clinical signs only. 

The clarification of the problem has been 
delayed by the lack of laboratory investiga- 
tions of the etiologic agent. As early as 
1906, Hjortlund diagnosed rabies in canine 
animals in Greenland ( Braestrup, op. cit.), 
basing his conclusions upon results obtained 
from the inoculation of experimental ani- 
mals. Because there was no record of rabies 
having been transmitted to man in Green- 
land, and this fact could not adequately be 
explained, Hjortlund’s findings were gen- 
erally discredited. Baashuus-Jensen (1935) 
was especially critical of Hjortlund’s con- 
clusions and attempted to present evidence 
that the disease was caused by nutritional 
deficiency. 

In the report of the Fifth Thule Expedi- 
tion to Arctic Canada (1921-24), Freuchen 
(op. cit.:137) stated: “There is no doubt that 
quite another cause of variation in the num- 
ber of foxes is disease. Beyond comparison, 
rabies is the most common, and it seems to 
attack wolves, ermines, and foxes... .” In 
Canada, Plummer (1947) first demonstrated 
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Negri bodies in the brains of experimental 
animals inoculated with a suspension of 
brain tissue taken from a dog and an arctic 
fox obtained about 400 miles north of Fort 
Churchill. In a second report (Plummer, 
1947a), the isolation of rabies virus from 
canine animals from Aklavik and Frobisher 
Bay was reported. In his discussion, Plum- 
mer (ibid.:334) stated: “The question still 
remains as to whether Arctic or Northern 
Dog disease is a combination of a number 
of different conditions or whether the virus 
of rabies is the only cause.” 

On the basis of clinical signs, Ferenbaugh 
(op. cit.) diagnosed rabies in Alaskan foxes 
in 1915. A diagnosis based upon laboratory 
studies apparently was not made until 1945 
(Williams, op. cit.). In early 1949, in col- 
laboration with Frank P. Pauls, Dr. L. T. 
Giltner, Bureau of Animal Industry, U.S. 
Department of Agriculture, undertook a de- 
tailed study of the virus isolated from the 
brain of a rabid dog killed at Fort Yukon. 
In order to test the pathogenicity of the virus 
in white mice, six groups consisting of six 
mice each were vaccinated against rabies by 
means of a commercial vaccine. Six groups 
of equal size were retained as controls. A 
suspension of virus was prepared from the 
brains of mice that had been infected with 
material from the dog. Dilutions of the 
suspension, ranging from 10' to 10°, were 
prepared. Each mouse of the two groups re- 
cived 0.03 cc. of suspension intracerebrally, 
each group receiving a different dilution. 
All of the vaccinated animals survived. The 
mice in the first two control groups, re- 
ceiving the 10! and 10? dilutions respec- 
tively, died; three mice in the third group, 
receiving the 10* dilution, also died. The 
remainder survived. Ina letter to Mr. Pauls, 
dated April 12, 1949, Dr. Giltner concluded: 
“These results indicate that the virus re- 
covered from the . . . dog is immunologically 
related to the rabies virus present in this 
country.” 

In my opinion, there is no longer any rea- 
son to doubt that the disease in question is 
rabies. No tangible differences between the 
etiological agents have been demonstrated. 
While it is generally true in high boreal re- 
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gions that dogs showing the clinical signs 
of the disease are relatively nonaggressive, 
there are exceptions; some dogs have been 
known to attack their owners or others, as 
mentioned earlier in this paper. A rather 
wide range of behavioral patterns has been 
recorded in rabid dogs elsewhere; in the 
United States, nonaggressive animals fre- 
quently are reported to have “dumb rabies.” 

Plummer (1954) stated that the incuba- 
tion period of rabies in canine animals in 
northern regions is but 4 to 5 days. I have 
not found this to be true. In several cases 
where the date of exposure was known in 
dogs attacked by rabid foxes, about three 
weeks passed before the onset of clinical 
signs of rabies. This falls within the limits 
of the incubation period known in dogs in 
the United States. 

It is possible that the virus of rabies in 
high boreal regions is not so pathogenic for 
man as is the virus in the United States and 
elsewhere farther to the south. However, 
there is no evidence to support such an 
opinion. In Alaska, medical services in the 
remote regions have been relatively ade- 
quate for less than 10 years. Prior to this, the 
causes of death among the aboriginal people 
often were not determined, and cases of 
rabies easily could have gone unreported. 
In recent years, all persons known to have 
been injured by animals suspected of being 
rabid have received the preventive treat- 
ment for this disease. 

Opportunities for human exposure to 
rabies in Arctic Alaska are really not great, 
despite the frequency with which rabid 
canids have been recorded. Among the 
canine animals, foxes are the species most 
commonly affected by rabies, and the cloth- 
ing worn throughout the year is usually 
adequate to offer considerable protection 
against the bites of these animals. Rabid 
foxes are rather easily killed if they cannot 
be driven off. While most settlements have 
some unrestrained dogs, working dogs are 
generally kept chained. When such dogs 
are attacked by foxes in the village, or when 
they are bitten by foxes on the trail, they are 
kept under close surveillance. They are 
usually killed at the first signs of any illness. 
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Rabid wolves are capable of inflictin 
severe wounds, but such animals have been 
rarely seen. It is noteworthy that one of 
the two men known to have been attackej 
in Alaska by wolves that were considered 
rabid died of a disease clinically indistip. 
guishable from rabies. 

It is probable that human exposures tp 
rabies are comparatively rare throughout 
the high boreal regions, in view of the unj. 
formity of living conditions, clothing, ete, 
enforced by climatic conditions. Also, there 
is really a rather small probability that ex. 
posure to rabies in man will lead to infection 
and fatal disease. In this connection, Rhodes 
and van Rooyen (1953:412) make the fol. 
lowing statement: “Even in the absence of 
antirabies treatment, the chance of contract. 
ing clinically evident disease after the bite 
of a proven rabid dog is only about 5 to 15 
per cent.” 


CoNTROL OF RABIES IN ALASKA 


Most of the recorded outbreaks of rabies 
in Alaska have been of limited areal extent 
and have subsided without the institution of 
artificial controls. 

The control of rabies in uninhabited 
wilderness areas is not practicable. It would 
be impossible, as well as biologically and 
economically unsound, to eliminate all of 
the mammals that might be involved in the 
natural cycle of rabies. In an effort to con- 
trol an epizootic outbreak of rabies in Al- 
berta, according to “a conservative summary 
of minimum total kills estimated from Oc- 
tober, 1952, to March 1, 1954,” 99,110 carni- 
vores, representing nine species, were de- 
stroyed (Ballantyne and O'Donoghue, op. 
cit.). Epizootic rabies eventually abated in 
Alberta, but it cannot be established that 
the methods of control undertaken were 
responsible. Plummer (1954) and others 
have advocated the generalized reduction 
of wild mammalian populations as a method 
of controlling rabies. Such programs are 
very costly, and result in the destruction of 
many mammals of species not known to have 
any importance in the perpetuation of the 
disease. 
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Rasies IN ALASKA—Rausch 


It is unrealistic to believe that rabies can 
be eliminated as a disease of wild canids in 
Alaska or in other arctic regions. Around 
the more remote settlements and villages, 
where outbreaks of rabies are most likely to 
affect the human population, adequate con- 
trol of the disease could be achieved through 
the strict regulation of dogs combined with 
the local destruction of foxes when neces- 
sary. Sledge dogs should be restrained at 
all times, and any dogs in excess of actual 
needs should be destroyed. The aboriginal 
people are usually amenable to the destruc- 
tion of uncontrolled or ownerless animals. 
The vaccination of all sledge dogs against 
rabies would be highly desirable, but there 
is no way at present to subvent the cost of 
such an annual program. 

In urban areas, such as Anchorage or 
Fairbanks, the problem is similar to that 
existing in towns of similar size in the United 
States. Wild canids are absent or rare in 
such places, but unrestrained dogs are nu- 
merous. The popular attitude toward such 
dogs makes it very difficult to institute an 
appropriate program of dog control until 
an emergency arises. In 1951, following the 
diagnosis of rabies in a dog in Anchorage, 
more than 700 stray dogs were killed within 
a3-month period. There was no legal means, 
however, by which dogs in the densely popu- 
iated suburbs outside the limits of the city 
could be controlled. Even within the city 
any serious attempt to reduce the numbers 
of dogs was soon abandoned. It is doubtful 
that any effective program for regulating 
the numbers and movements of these ani- 
mals will soon be put into effect. In such 
cities, the vaccination of all dogs would be 
economically feasible if it were required 
by law to do so. 

Much remains to be learned about the 
natural history of rabies in wild canine 
populations. I believe that conditions in the 
arctic regions are especially favorable for 
the basic investigation of the epizootiology 
of this disease. Information derived from 
such studies could lead to more effective 
control of rabies in regions where it consti- 
tutes an important threat to man and 
domesticated animals. 
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SUMMARY 


Over a 9-year period (1949-57 ), 43 canine 
animals in Alaska were proved to be rabid: 
arctic fox, 19; red fox, 14; wolf, 2; dog, 8. 
Many others of these, not secured for study, 
showed clinical signs characteristic of rabies. 
No evidence was obtained that any of these 
animals were affected by canine distemper 
or other diseases. The majority of outbreaks 
of rabies were recorded in the tundra zone 
of northern and western Alaska during the 
colder months. It was not determined that 
rabies is important as a natural control of 
wild canine populations. However, rabies 
was recorded in wolves only at a time of high 
population density. Outbreaks were some- 
times observed along the Arctic coast among 
concentrations of arctic foxes which fol- 
lowed the mass dying of lemmings. Rabid 
canids also were recorded at times of low 
population density reported for arctic foxes. 

Rabies was reported in wild canids in all 
years but 1951. The most extensive out- 
breaks were recorded in 1954 and 1956. 
Except for two rabid dogs in Anchorage, 
about which nothing was known, nearly all 
dogs proved to be rabid or so regarded on 
the basis of clinical signs, had a history of 
contact with wild canids. In most cases, 
such dogs had been attacked by foxes. Evi- 
dence is presented to show that “arctic dog 
disease,” long known to affect canine ani- 
mals in high boreal regions, is in fact rabies. 
The differences recorded in the clinical 
manifestations of the disease in such regions 
are not regarded as significant. Although it 
is believed by some that the virus in north- 
ern regions is less pathogenic for man, this 
remains to be demonstrated. Three cases 
of rabies in man have been diagnosed 
clinically in Alaska—the first in 1914, the 
second and third in 1942 and 1943. 

It appears that adequate control of rabies 
in Alaska could be achieved through the 
strict regulation of dogs combined with the 
local destruction of foxes when necessary. 
It would be desirable to vaccinate all dogs 
against rabies, but such a program is pre- 
vented at present by economic and legal 
considerations. 
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REPRODUCTION IN A MOOSE POPULATION’ 
R. Y. Edwards and R. W. Ritcey 


Department of Recreation and Conservation, Victoria, B.C. 


Moose (Alces alces) in Wells Gray Park, 
British Columbia, have been under study 
by the authors since 1950. Part of this study 
has included the examination of uteri and 
their contents. The purpose of this part of 
the program was to obtain information on 
reproduction in this moose population. Some 
results of this work are presented in this 
paper. 

Early in our studies it was apparent that 
counts of calves at heel in summer and fall 
were providing unreliable information, de- 
spite considerable physical effort and expen- 
diture of time to gather these data. Many 
cows without calves were seen. Questions 
invariably arose as to whether these cows 
were barren, had lost their young, or simply 
were active while their calves lay in a near- 
by thicket. A meaningful picture of the 
ability of these moose to reproduce might 
best be based, therefore, on assessment of 
initial reproduction—the number of females 
carrying young. Even this approach is, of 
course, rather gross. A detailed study would 
include the production of ova and sperms, 
fertilization, and mortality of embryos. Some 
data have accumulated on these subjects, 
but lack of sufficient study material and of 
facilities for such detailed studies made in- 
tensive investigation at this level impossible. 

Hunting is encouraged in this park as a 
legitimate, intensive, desirable form of rec- 
reation, to be fostered if adequate research 
and management ensures the perpetuity of 
game species concerned, and if hunting does 
not conflict with greater numbers of people 
using the park for other purposes. Hunting 
seasons have been variable in length, but 
most have begun in September and closed 
in middle or late December. Any-moose 


——— 


‘For constructive criticism of this paper we are 
indebted to J. F. Bendell, University of British 
Columbia, D. H. Pimlott, Newfoundland Depart- 
ment of Mines and Resources, and R. F. Scott, U.S. 
Fish and Wildlife Service, Alaska. 


seasons are the rule and have made it possi- 
ble for us to gather data on a scale otherwise 
impossible. A total of 218 uteri have been 
collected through the years from 1952 to 
1956, inclusive, most of them by guides, 
some by hunters, a few from moose taken 
in winter for autopsy. Our samples for study 
were not randomly selected from the popu- 
lation of moose in Wells Gray Park; hence 
the conclusions drawn in this paper apply 
only to data we have been able to collect. 
The present study examines variations in 
the occurrence of pregnancy and of twins 
and the periodicity of oestrus as we en- 
countered them in this population. 


METHODS 


Hunters and guides were requested to 
leave uteri at park headquarters, which 
visitors must pass in order to leave the park. 
Plastic bags were provided to facilitate 
carrying fresh uteri. Few hunters co-oper- 
ated. Guides provided most of the material. 
Even after verbal instruction, it was found 
that hunters had difficulty identifying the 
uterus in situ. On several occasions, sincere 
effort resulted in collecting the bladder, 
while other hunters reported that, despite a 
search, the uterus was not found. 

An attempt was also made to collect 
ovaries, but one or both were frequently 
missed by our collectors. Resulting material 
was so incomplete that there is no considera- 
tion of ovarian data in this paper. 

Uteri were preserved in Formalin and 
examined later in the laboratory. Uterine 
contents were usually examined only grossly. 
Magnification was seldom used. Very small 
embryos were undoubtedly missed, and in 
some cases early pregnancy may not have 
been recognized as such. When membranes 
were found within the uterus but no embryo 
was found, the cow concerned was recorded 
as pregnant. Lengths of embryos were mea- 
sured, small ones crown-rump, large ones 
forehead—rump. 
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In some cases, lower jaws and uteri were 
collected from the same cows. These jaws, 
useful for aging, were numbered and saved 
for reference. 


INCIDENCE OF PREGNANCY AND TWINNING 


All 218 uteri were collected in the period 
from September to May, inclusive. Hunters 
and guides brought in many uteri unaccom- 
panied by lower jaws, so that in many cases 
the ages of animals concerned are not 
known. The data thus contain an un- 
known number of uteri from yearling fe- 
males, an age class quite unproductive in 
Wells Gray Park. As a result, our uncorrect- 
ed data apply to all females exclusive of 
calves, and include an unproductive year 
class. 

One hundred and twenty-nine, or 59 per 
cent, of the 218 uteri were pregnant. Seven 
of these 218 uteri were collected in Septem- 
ber, a month in which recognizable preg- 
nancy is not expected, as explained below. 
Thus, of the remaining 211 uteri, 61 per cent 
were pregnant. 

A rough calculation can be made to ex- 
clude yearlings from these data. In three 
years (1954-56), a total of 403 lower jaws 
were collected from moose killed by hunters. 
These can be aged more or less accurately, 
while the jaws of yearlings among them can 
be segregated with complete accuracy. 
Yearlings constitute 20 per cent of this 
sample. If this percentage of the 211 uteri 
was from yearlings, further calculation gives 
the pregnancy rate of females past yearling 
age as 76 per cent. This figure is low, how- 
ever, for to it must be added pregnancies 
undetected in our examinations, and cows 
that might have become pregnant in subse- 
quent oestri. 

In the process of excluding one age group 
from the data, questions arise whether this 
figure, 76 per cent, applies to all other age 
groups. Table 1 gives data from those cows 
for which we obtained both uteri and lower 
jaws. Each age class past yearlings in our 
sample had a pregnancy rate that differed 
but slightly from the 76 per cent, the prob- 
ability that these differences were due to 
chance being 0.90. This suggests that preg- 





TABLE 1.—DATA ON PREGNANCY AND Twins FoR 95 
Urert FRoM Cows For Wuicu Lower Jaws Wen 
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Pregnant Uteri with Twins 
A No. No. , :, 
of -_ Uteri : Cent si Cen 
a. 16-73 5 3l 
~ ap rv 7 80 3 43 
94. 1 0 0 0 0 





nancy rates are fairly constant throughout 
all age classes except yearlings. Note, how. 
ever, that the sample used here is small and 
that we are unable to age moose accurately 
using lower jaws, once they have passed the 
two-year age class. Beyond that age we 
have defined tentative age groups, based 
on tooth wear, which can only be verified 
when jaws of known age come to hand as 
result of our program of tagging moose 
(Ritcey and Edwards, 1956). 

We have no record of a pregnant yearling, 
The yearling age class is easily identified in 
autumn by its teeth. Hunters and guides in 
this area have, through the years, been able 
to accumulate a considerable body of data 
fully supporting the fact that yearling fe- 
males can be disregarded as a productive 
age class. There is no exception in our 
records. Female moose in Wells Gray Park 
breed first as two year olds in their third 
autumn. 

In 129 pregnancies, 28 cases or 22 per cent 
involved twins. Statistical test of the inci- 
dence of twins relative to age of cows sug- 
gests that there is no significant difference 
among the productive age classes (chi- 
square: P = 80 per cent). 


ANNUAL AND MONTHLY VARIATIONS 


When data from the hunters’ sample are 
examined by years (Table 2) and, with the 
addition of autopsy data, by months (Table 
3), some differences appear. 

Throughout the study period, uteri aver- 
aged 56 per cent pregnant. Annual percent: 
ages of uteri pregnant showed some varia- 
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9—ANNUAL PERCENTAGE OF FEMALES (YEARLINGS INCLUDED) PREGNANT AND OCCURRENCE 

















TABLE 4 
OF Twins, IN SAMPLES FROM HuNTER KILL 
— Per Cent 
Per Cent No. Sets Pregnancies 
Year No. Uteri No. Pregnant Pregnant Twins with Twins 
1952 43 25 58 8 32 
1953 42 20 48 0 0 
1954 20 4 20 0 0 
1955 37 22 59 4 18 
1956 54 38 70 7 18 
Totals 196 109 on 19 ae 
— 56 — 10 


Means — 





tion. The numbers of pregnancies observed 
in these annual data, when compared to the 
numbers expected if 56 per cent of uteri 
were pregnant, had differences with a con- 
siderable probability of being due to chance 
(chi-square = 7.28, P = 10 per cent). 

When examined by months, pregnancy 
rate became progressively higher with the 
onset of winter (Table 3). In this table, 
fewer uteri appear in the hunters’ sample 
(October to December, inclusive) than in 
Table 2 because eight uteri were not labeled 
with the month of collection. In addition, 
uteri obtained in September are omitted 
from Table 3. A chi-square test of monthly 
differences in pregnancy rate suggests that 
they are significant (P = 1 per cent). But 
further analysis indicates that this signifi- 
cance is due entirely to the relatively low 
number of pregnancies recorded for Oc- 
tober. If a test is made of these same data 
exclusive of those for October, the proba- 
bility increases to 20 per cent. These differ- 
ences, then, are probably not significant. 
The low incidence of pregnancy recorded 
for October may be real, or it may be a 
result of our missing very small embryos in 
our examinations of uteri. 


The 22 uteri collected in winter from ani- 
mals taken for autopsy are of special interest. 
Twenty were pregnant. The other two were 
yearlings. Thus, adult females were 100 per 
cent pregnant. These animals were taken 
by a biologist in the four winters from 1952- 
53 to 1955-56, and the numbers involved 
were, respectively, 6, 8, 6, and 2. There is 
some possibility here of data being selective 
for pregnant animals. It is probably slight, 
however, for in each case the aim during 
hunting was simply to autopsy the first adult 
female encountered. The two yearlings were 
taken in error. 

Annual data on the frequency of twins in 
specimens examined exhibit roughly similar 
trends to those of pregnancy rate (Table 2). 
Ten per cent of all pregnancies involved 
twins. The numbers of twins observed an- 
nually, when compared with the numbers 
expected each year if one assumes that in 
each year 10 per cent of pregnancies had 
twins, exhibited differences with a 6 per cent 
probability of occurring by chance (chi- 
square = 8.87, P = 6 per cent). 

The numbers of twins observed by months 
were compared with the numbers expected 
if 10 per cent of pregnancies involved twins 


TABLE 3.—PREGNANCY RATE OF Cow MOoosE AND OCCURRENCE OF TWINS, BASED ON 
UTERINE EXAMINATION 











Per Cent 
No. Sets Per Cent Pregnancies 
Month No. Uteri! No. Pregnant Twins Pregnant with Twins 
October 40 rj 0 i7 0 
November 87 55 6 63 11 
December 54 46 13 83 29 
Jan.—May 22 20 9 91 45 





‘Combined data for 5 years; yearling cows included. 
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in each month. The differences were con- 
siderable, with little probability that they 
occurred by chance (chi-square = 10.23, 
P = 2 per cent). 

Reviewing data to this point, there are 
four series of figures, incidence of preg- 
nancy and incidence of twinning, each con- 
sidered by years and months. All appear at 
first consideration to exhibit noteworthy 
variations. Statistical testing casts some 
doubt on whether either series concerned 
with pregnancy contains significant differ- 
ences. Similar testing of figures on twins 
shows one series (by months) to be statisti- 
cally significant. The other series ( by years ) 
might or might not be considered significant 
depending upon one’s opinion of the maxi- 
mum probability acceptable as statistically 
significant. 

The figures on twinning by months, which 
exhibit the most significant differences, indi- 
cate progressively more twins in utero as 
autumn advances into winter. Such changes 
through autumn are familiar trends in some 
data from this population of moose. These 
animals are migratory (Edwards and Ritcey, 
1956), with the result that in autumn pro- 
gressively more moose arrive on the valley 
floor with the onset of winter. Any sampling 
of the population on the valley floor through 
this period is therefore dealing with an in- 
creasing population that could be a changing 
population in some attributes. This migra- 
tion is difficult to express numerically, if for 
no other reason than it is different every 
year. There are no figures on migration by 
months comparable with figures on embryos 
in utero, but the migration is such a marked 
annual event in the moose population, and 
the occurrence of most twins in late season 
is so marked, that a relationship between 
the two is indicated. Cows killed in early 
hunting season are those more or less resi- 
dent at low elevations. They carry no twins, 
or at least such is indicated by the data. As 
cows that have summered at higher eleva- 
tions migrate to the hunted lowlands and 
their numbers increasingly dominate the 
lowland population, the records of twins 
increase. It would seem that some factor in 
the environment at higher elevations is con- 
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ducive to the production of twin embryos 
in this species. 

If the incidence of twins in utero Increases 
as progressively more moose arrive in the 
area hunted, the same phenomenon shoyjj 
influence the annual record of the incideng 
of twins (Table 2). As has been noted, th, 
times of autumn migration are variable 
While the hunt begins every year in Septem. 
ber before migration has begun, the numbe; 
of moose subsequently available to huntey 
in the lowlands is quite variable from yey, 
to year. The early arrival of snow brings 
migrating moose into the lowlands in (p. 
tober. Snowless weather throughout the 
hunt can result in the close of the season jn 
December before most moose have reachej 
heavily hunted areas. Migration was early 
in 1952, intermediate in its timing in 1953 
late in 1954, and early in both 1955 and 1956, 
Those three years in which migration was 
early are those in which twins have occurred 
in our samples. 

It is probably safest at present to place 
little importance upon the variations in preg. 
nancy rates reported here, both annual and 
monthly. Note, however, that years of high 
pregnancy rate are years of early migration; 
and that monthly figures, were they taken at 
face value, indicate an increasing pregnancy 
rate through autumn as if affected by migra- 
tion. Perhaps these differences are biologi- 
cally real, but too small to be acceptable 
statistically when samples are small. 


THE PERIOD OF SUCCESSFUL BREEDING 


The sizes of embryos collected are plotted 
over dates of collection in Fig. 1. Two note- 
worthy features of this figure are: (1) most 
points fall as if more or less on a single curve; 
and (2) a few points are located well away 
from this curve and at roughly uniform dis- 
tances from it. 

Fig. 1 may be interpreted as follows. The 
data contain embryos from eggs fertilized 
in four different oestral periods. The em 
bryos resulting are 6 mm. to 12 mm. long it 
early October, late October and early No 
vember, late November, or late December. 
Dates of successful coition are not known. li 
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for white-tailed deer (Odocoileus then 30 days are required for an embryo to 
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is) are used as a rough indication grow to 9 mm. in length. Based on this as- 
ly growth rate of moose embryos, sumption, the four periods of successful 
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Fic. 1. Scatter diagram showing the lengths of foeti and dates they were collected from moose uteri. 

Two types of measurements were used, the break in the two types showing at about 70 mm. (see 

Cheatum and Morton, 1946, figures 2B and 2C). Figures with arrows indicate approximate numbers 
of days between foeti of similar length, but apparently conceived in different oestral periods. 
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breeding for Wells Gray moose would be, 
roughly, early September, late September 
and early October, late October, and late 
November. 

Of the four successive oestri, the data in- 
dicate that 5 per cent of embryos were con- 
ceived in the first oestrus, 89 per cent in the 
second, 3.5 per cent in the third, and 2.5 per 
cent in the fourth. If we assume that growth 
rates of embryos resulting from different 
oestri are more or less constant, the interval 
between successive oestri is about 30 days. 

One period of oestrus, the second, pro- 
duces 89 per cent of embryos in our data. 
The manner in which data for this oestrus 
fall along a uniform curve suggests that most 
cows experienced oestrus in the same limited 
period of time—approximately 10 days; and 
that the growth of embryos in different cows 
is more or less constant, at least for the first 
three months. 

Not only is this uniformity of conception 
present in a given year, but it also appears to 
take place in successive years about the 
same date. Fig. 1 contains data from five 
different years. 

Most cow moose in this population ap- 
parently become pregnant in the same 10- 
day period every year. A few become preg- 
nant in one previous or one of two subse- 
quent periods of oestrus. 


Discussion 


Apparently some factor, affecting the data 
through migration, influences the twinning 
rate but has little, if any, influence on the 
pregnancy rate. The work of Cheatum and 
Severinghaus (1950) on white-tailed deer 
in New York is relevant here. They give 
data by regions in that state in which the 
percentages of adult pregnant does vary 
from 79 to 94 per cent. They also include 
data from which the percentages of multi- 
ple pregnancies can be calculated, provided 
that all multiple births are assumed to in- 
volve twins. This assumption is incorrect, 
for triplets occur, but the calculations are 
probably sufficiently close to show an ac- 
curate trend. A chi-square test for differ- 
ences in twinning among these regions sug- 
gests high significance, with a probability of 
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less than one per cent. Conversely, a similay 
test of differences in pregnancy Suggests 
that differences are not significant (P=% 
per cent). As in moose data from Wel, 
Gray Park, differences in twinning are cop. 
siderable. Those in pregnancy are jo 
Cheatum and Severinghaus ( ibid.) attribyte 
New York’s differences in deer fertility to 
nutrition. If this is true, rate of multiple 
pregnancy may be a more sensitive jndj. 
cator of nutritional status than is rate of 
pregnancy. 

Nutrition is known to affect the incidence 
of twins in domestic sheep. Flushing 
the feeding of extra food to ewes prior to and 
during the breeding season, has increased 
lamb crops from 18 to 40 per cent (Stoddard 
and Smith, 1943:470). “A rising plane of 
nutrition, as from poor to fresh green feed, 
tends to cause the extrusion of a number of 
ova, thus resulting in a greater percentage 
of twins” ( Belschner, 1951:204). Longhurst 
et al. (1952) state for mule deer (O. hemi. 
onus) in California that “rate of ovulation 
seems to be strongly affected by the level of 
nutrition just prior to and during the rut’ 

Perhaps, then, in this British Columbian 
study we are dealing with two populations 
of moose from a nutritional point of view, 


There are no data to suggest that winter | 


range is providing this difference. Essen- 
tially, all moose winter on the same range, 
which is fairly uniform throughout. On the 
other hand, high and low summer ranges 
differ markedly. Lower ranges are at an 


elevation of about 3,000 feet on the broad f 


bottomlands of the Clearwater Valley. Many 
of these lands have been burned, with the 
result that their dominant vegetation is 
seral and deciduous, composed mainly of 


willows (Salix spp.), aspen (Populus trem- f 


uloides), and birch (Betula papyrifera). 
In the majority of these stands, coniferous 


regeneration is sparse to absent. The vege 


tation tends to be open, leaving much sail 
exposed to the sun. While the floor of the 
valley is generally flat, it is rough in micro 


topography, a result of soils being moraines [ 


from a piedmont glacier. In some areas, 


natural brushy meadows are frequent, while f 
streams draining the flats and adjacent f 
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slopes tend to meander and create oxbows. 
Reaver (Castor canadensis) have invaded 
some areas in numbers, creating many 
ponds. These wet areas are usually associ- 
ated with dense stands of high shrubs, 
mainly willows and alders (Alnus tenui- 
folia). Moose summering in the lowlands 
spend most days in these moist, shaded 
tangles, occasionally invading adjacent dry 
lands. 

Moose at higher elevations live in differ- 
ent habitat. In a cooler, moister, subalpine 
climate, at an elevation of 4,000-6,000 feet, 
they inhabit variously open stands of mature 
alpine fir (Abies lasiocarpa) and Engel- 
mann spruce (Picea engelmanni). There 
are long meadows through these forests, 
while areas with a lush ground flora in open 
forests are more frequent. These are areas 
with water seepage down the high slopes 
where moving water, charged with nutrients 
from drained areas above, provides superior 
growing sites for many plants. Moose have 
worn trails near and through these seepage 
areas. They also appear to favor the edges 
of high-elevation burns and moist areas 
gown to alder and willow occurring on 
some steep slopes. 

Moose living at high elevations inhabit a 
cooler climate with a lusher vegetation than 
do moose on the valley floor. At this stage 
of our studies, we can only speculate as to 
whether these factors influence the moose 
herd in question. Since moose are virtually 
absent in summer from lower parts of the 
park, those at 3,000 feet seem to be summer- 
ing at the lower limit of suitable habitat. 

The remarkable synchrony of the female 
herd as to oestri results in a physiological 
process so well timed that it is as much a 
process of the whole population as of indi- 
viduals within the population. 

This uniformity of the oestral cycle must 
certainly be under the control of some en- 
vironmental factor, uniform from year to 
year as well as in unlike environments at 
different elevations. The only alternative 
is an internal “clock,” independent of en- 
vironment, and in step more or less through- 
out the herd—an unlikely possibility. As 
Andrewartha and Birch (1954:290) point 
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out, light is the environmental factor con- 
trolling the breeding of a number of animals, 
operating through variation of day length. 
Decreasing the photoperiod has been shown 
to influence the timing of the breeding cycle 
in sheep (Yeates, 1949) and goats (Bisson- 
nette, 1941), which, like moose, breed in 
the autumn. 

There are many references in the litera- 
ture to the duration of breeding seasons 
among the Artiodactyles. Most references, 
however, are based on the activity of males 
during the rut or are influenced by extreme 
dates when the young may be born. In 
either case, the period of time involved may 
be much longer than is the period when most 
females are successfully bred. In Wells 
Gray Park, grunting bull moose with antlers 
free of velvet have been recorded as early 
as August 29. Field observations suggest 
that most bulls are actively seeking cows by 
mid-September. By mid-October there is 
less tendency for bulls to wander, although 
some display interest in females until late 
December. 

The brevity of the main season of success- 
ful coition does not appear to be confined 
to moose. A number of authors have noted 
quite brief periods of successful breeding. 
Cheatum and Morton (op. cit.) show that 
one-third of white-tailed deer does become 
pregnant in a 6-day period, the date of this 
period being earlier in the northern part of 
New York State than in the south. Chattin 
(1948) noted that 88 per cent of mule deer 
does in the Interstate Deer Herd were bred 
in a 22-day period. Lassen, et al. (1952) re- 
corded that 60 per cent of successfully bred 
does in another herd of the same species in 
California became pregnant in a 12-day 
period. Robinette and Gashwiler (1950) 
noted that in Utah mule deer 61 per cent 
of the breeding dates occurred within a 13- 
day period, while a study of white-tailed 
deer in Massachusetts showed that 77 per 
cent of adults bred within 16 days (Shaw 
and McLaughlin, 1951). Darling (1937) 
observed that the rut in Scottish red deer 
(Cervus elaphus) may last 6 or 7 weeks, but 
most calves were “dropped between the 15th 
and 25th of June.” Note here a period of 10 
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days, and the suggestion that calving time 
was constant. Speaking of pronghorn ante- 
lope (Antilocapra americana), Einarsen 
(1948) said: “The kidding season in south 
eastern Oregon . .. is very short, the majority 
of the drop coming between May 20 and 
May 27.... Ten to fifteen days may cover 
the period in which 90 per cent of the kids 
are born.” 

Apparently the main period of successful 
breeding for a number of Artiodactyles is 
short. It should be remembered, in this con- 
nection, that the period of dropping young 
can be longer than the period of breeding, 
due to individual variation in the periods 
of gestation. 

The remarkable uniformity in times of 
oestrus and of conception noted in this study 
may be especially clear-cut because data 
are from a more or less distinct unit of popu- 
lation. Similar studies over larger areas 
might lump data from a number of such 
populations, and thus, possibly, fail to note 
the uniformity reported here. 


SUMMARY 


The contents of 218 uteri of moose from 
Wells Gray Park, British Columbia, pro- 
vided material for this study. In each au- 
tumn the incidence of twins in pregnancies 
increases with the onset of winter. The inci- 
dence of twins in uteri collected by hunters 
is variable from year to year. Both of these 
conditions are the result of migrating moose 
variously affecting the data. Increases 
through autumn in numbers of twins en- 
countered in utero are affected by the pro- 
portion of migratory moose in the lowland 
areas being hunted. The more moose pres- 
ent from high summer range, the higher is 
the incidence of twinning. Similarly, in 
years when hunters encounter few migra- 
tory moose, fewer twins are encountered 
than in years when early migration brings 
moose from high elevations to the hunted 
lowlands. About 85 per cent of pregnant 
moose are bred in a 10-day period in late 
September. This period involves the same 
dates each year, suggesting regulation by 
photoperiod. A few moose are bred during 
an oestrus occurring before that in which 
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most are successfully bred, and some in tw, 
subsequent oestri. The interval betwee, 
oestri is about 30 days. 
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NOTES ON SOME ECOLOGICAL EFFECTS OF DDT 
SPRAYED ON ELMS 


Roy J. Barker’ 


Illinois State Natural History Survey, Urbana, Illinois 


The main purpose of this paper is to call 

attention to the possibility that moderate 
applications of DDT under certain condi- 
tions can be concentrated by earthworms to 
produce a lethal effect on robins nearly one 
year later. 
‘ When phloem necrosis and Dutch elm 
disease threatened American elms (Ulmus 
americana) at Urbana, Illinois, in 1949, DDT 
was sprayed in attempts to control suspected 
insect vectors. Subsequently, some mori- 
bund, tremoring birds were observed. This 
report concerns an exploratory investigation 
to determine the circumstances that caused 
the ensuing mortality in birds and other 
adverse effects. 


INSECTICIDE APPLICATIONS 


From 1949 to 1953, 1,400 American elm 
trees on the 430-acre main campus of the 
University of Illinois in Urbana were 
sprayed twice each year with a 25-per-cent 
DDT emulsion concentrate of 20 lbs. of 
technical DDT in 5 gal. of xylene, 2.5 gal. of 
Acme white oil, and 1.5 pts. of Triton X-100. 
This concentrate was diluted with water to 
give a 6-per-cent DDT emulsion. It was 
applied with a Rotomist Shade Tree Appli- 
cator that had 28,000 cu. ft./min. displace- 
ment. The first sprays were applied during 
June and early July; the second sprays were 
applied from mid-July to mid-August. The 
application rates in pounds of DDT per tree 
were 1.5 and 1.1 in 1949, 1.2 and 1.1 in 1950, 
and 1.0 and 1.0 in 1951. 

Although elms were the predominant 
shade tree in the adjoining cities of Cham- 
paign and Urbana, the only obvious control 
efforts were by a few individual home 
owners who contracted with pest-control 
operators to apply similar DDT sprays. The 


_* Present address: Entomology Research Divi- 
sion, U.S.D.A., Beltsville, Md. 


campus was essentially a sprayed plot sur- 
rounded on three sides by an unsprayed elm 
forest. 

The Schechter-Haller method of analysis 
(Schechter, et al., 1945) was used to meas- 
ure deposition, distribution, and degradents 
of DDT. The analytical error was approxi- 
mately 5 per cent. 

During application, DDT dripped or 
drifted directly to the soil. To sample this 
deposit, nineteen 27-cm.-diameter filter 
papers were spaced on the ground at 50- 
foot intervals through an elm grove during 
the first spraying in 1950. Eleven papers 
beneath elms contained 2.0+0.6 Ibs./a.; 2 
papers in the open contained 0.5 and 2.3 
Ibs./a. The average deposit in this sampled 
elm grove was 1.7 lbs./a. On the entire 
campus, 0.4 lb./a. of DDT was used in this 
application. The elms were unevenly dis- 
tributed; hence, the DDT deposits varied. 
Spray drifted several hundred yards even on 
calm days. Because of many variables, the 
measurement of drift by residues on filter 
papers gave inconsistent results. 

Several samples of soil from this same 
grove were combined, 50g. were extracted 
with petroleum ether, and the extract was 
analyzed for DDT and DDE (dehydro- 
chlorinated DDT). The results, shown in 
Table 1, indicate that the quantity of DDT 
in the soil does not decrease over winter 
but might actually increase with the fall of 
sprayed leaves. 

From scattered areas of the campus, 70 g. 
samples of fresh leaves contained 206, 109, 
30, and 15 pg./g. of DDT and 39, 31, 6, and 
3 pg./g. of DDE on the day preceding the 
second application in 1950. On the day 
following this second spraying, 263, 253, and 
174 pg./g. of DDT and 20, 16, and 9 pg./g. 
of DDE were found on fresh leaves. When 
the leaves fell that autumn, three samples 
contained 28, 23, and 20 pg./g. of DDT and 
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TABLE 1.—DeEposirs oF DDT Anp DDE Fovunp In Sort LAyErs 











Depth DDE DDT DDT 
Soil Source in Inches ps-/&. ps-/g. Lbs./a.1 

Campus, 1950, after first spraying 0-% LS 17.8 1.3 
Yy-% 6.6 6.3 0.5 

1-4 10.8 8.3 0.6 

%4-1 2.8 6.2 0.5 

0-1 5.4 9.5 2.9 

1-2 0.7 5.9 1.7 

9-3 0.5 0.9 0.3 

Campus, 1951, before first spraying 0-1 0.3 16.9 5.0 
Rural roadside, no spray 0-4 1.0 0.4 0.1 





! Assuming 1 lb./a. inch = 3.394 p&-/8- dry weight. 


4, 2, and 1 yug./g. of DDE. Fallen leaves 
were chopped and mulched by machines 
and left on the lawns. 


EFFECTS ON INSECTS 


The immediate effects of the DDT sprays 
on insect populations were determined by 
spreading cotton sheets in wind-sheltered 
areas beneath trees for 24 hours to catch 
fallen insects. Parathion was sprayed one 
week later to collect insects that had not 
been felled with DDT. The counts of the 
most numerous families are given in Table 
2. No Scaphiodeus, the vector of phloem 
necrosis, were found among the Cica- 
dellidae. Isometopidae were surprisingly 
abundant; perhaps they are usually more 
inaccessible than rare. The insect popula- 
tions reflected an earlier outbreak of 
aphids. The Chrysopidae, Coccineliidae, 
Syrphidae, and Chalcididae were mostly 
the parasites and predators of Aphididae. 
Most Chloropidae were parasites on larvae 
of Syrphidae. By the time of the second 
spraying, these insects must have checked 
the aphid outbreak, because parathion 
felled fewer aphids than winged parasites 
that could have flown into the treated area. 


EFFECT ON Birps 


Very few dead birds were observed in 
1949 when DDT was first sprayed. How- 
ever, before spraying began in the spring 
of 1950 the numbers of dying robins (Turdus 
migratorius) had attracted unsolicited at- 
Dying birds were reported fre- 


tention. 


quently after rains, and at that time a lethal 
dose of DDT was suspected of having been 
acquired by the birds drinking water from 
puddles in contaminated soil. Analyses of 
combined ether extracts of water from three 
or four puddles in areas that had been 
sprayed in 1949, indicated that DDT was 
present in the spring of 1956 only in trace 
quantities. 


TABLE 2.—INsEcts THAT FELL FROM 
SPRAYED TREES 








Insects per 10 Sq. Ft. 








Family 3 ES Q 5 ow as g2A 23 
“28 mSai Of64 Ag 
EN ~NNS ~DNNnA ~e 
Entomobryidae 0 2 0 0 
Chrysopidae 2 10 1 l 
Miridae 2 0 0 0 
Isometopidae 1 0 0 0 
Cercopidae 0 l 0 0 
Cicadellidae 1 3 0 0 
Aphididae 1 5 0 0 
Coccinellidae 0 5 1 0 
Chrysomelidae 2 p 0 0 
Cecidomyiidae 0 1 0 0 
Syrphidae 0 2 1] 0 
Phoridae 0 1 0 0 
Chloropidae 1 2 0 2 
Chalcididae 0 1 0 0 





A= During 0-24 hours following DDT spraying in 4 
previously unsprayed area (250-sq.-ft. sample). 

B = During 0-24 hours following second spraying 
campus in 1950 (400-sq.-ft. sample). 

C=During 2lst day following second spraying 
campus in 1950 (150-sq.-ft. sample). 

D = During 0-24 hours following a parathion spraying 
applied 1 week after the second spraying of DDT 


on sample B. (500-sq.-ft. sample. ) 
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TABLE 3.—ANALYSES OF BRAINS OF Rosins (WET WEIGHT) FOR DDE anp DDT 











Date Location? Condition of Bird pg. DDE/g. pg. DDT/g. 
May 11, 1950 campus dead 36 3 
May 14, 1950 campus dead 11 28 
May 14, 1950 campus dead 50 22 
May 16, 1950 campus dying 135 51 
May 18, 1950 Brownfield Wood shot* 0 0 
May 18, 1950 Brownfield Wood shot* 0 0 
May 27, 1950 campus dead 61 44 
June 21, 1950 campus dead 164 17 
June 24, 1950 near campus dying 252 90 
June 24, 1950 campus dying juv. 0 0 
June 26, 1950 campus dead juv. 4 1 
June 26, 1950 campus dying juv. 5 4 
June 26, 1950 campus dying juv. 3 3 
July 1, 1950 campus dead 165 65 
July 1, 1950 campus dead Lig 62 
July 1, 1950 campus dead 29 62 
July 6, 1950 campus dying 9) 6 
August 3, 1950 campus dying juv. 47 129 
August 15, 1950 W. Champaign dead 10 2 
August 21, 1950 near campus dead 192 64 
September 6, 1950 near campus dying 64 33 
April 10, 1951 campus dying 35 54 
April 16, 1951 campus dying 38 | 
April 17, 1951 campus dead 0 0 
April 20, 1951 campus dying 40 100 
April 23, 1951 campus dying 78 139 
April 30, 1951 campus dying 18 80 
April 30, 1951 campus dying 19 65 
May 1, 1951 campus dying 47 50 
May 1, 1951 campus dead 55 60 
May 18, 1951 campus dying 43 56 
May 24, 1951 campus dead 93 75 
July 3, 1951 campus dead 94 62 
August 7, 1951 near campus dead 0 0 
August 8, 1951 near campus crushed 27 8 
April 2, 1952 near campus dying 20 74 
April 7, 1952 W. Champaign dead 28 61 
April 7, 1952 campus dead 16 54 
April 8, 1952 campus dying 33 48 
May 23, 1952 campus dead 19 30 





! Those collected “‘near campus” were within 3 blocks of the sprayed area; W. Champaign was 3 miles from the campus; 
Brownfield Wood was an unsprayed rural area. 2 These were used as blanks to correct analyses for slight interferences. 





Most dying robins exhibited typical trem- 
ors associated with DDT poisoning. Be- 
cause brains are easily dissected, these were 
analyzed to confirm the presence of DDT 
or DDE. The data (Table 3) suggest that 
the DDT content of dying birds was affected 
only indirectly by DDT sprayed in mid-June 
or by seasonal variation in food. 

Four of the five juvenile robins had less 
than 5 ug./g. of DDT in their brains; one 
had 129 yg./g. In dead and dying adults, 
the frequency of occurrence of concentra- 


tions of DDT (Fig. 1) is highest in the 50- 
70 pg./g. range. Evidently, 60 pg./g. is 
close to a median lethal dose for this age 
group. Robins with less than 10 pg./g. may 
have died from causes other than DDT 
poisoning. A few birds had decomposed 
and could not be analyzed. 

The DDT content of various tissues in 
robins is given in Table 4. Since some 
organs may function as storage organs and 
the liver is a likely site of degradation, the 
brain, being a suspected site of action, was 
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increments) in adult dead or dying robins. 


considered to be best as an indicator of 
toxicity. 

Several animals, other than robins, were 
found with apparent DDT poisoning. The 
brains of these were analyzed for DDE and 
DDT (Table 5). Evidently one common 
grackle and two house sparrows had been 
able to accumulate a lethal dose of DDT. A 
rock dove had a high concentration of DDE 
in the presence of very littl DDT. The 
amount of DDT-dehydrochlorinase in rock 
doves might be of interest. 


TABLE 4.—ANALYSES OF TissuES (WET WEIGHT) 
oF Rosins FoR DDE anp DDT 











Tissue pg. DDE/g. pg. DDT/g. 
Specimen dying May 16, 1950 on campus 
Brain 139 52 
Heart 120 127 
Liver 744 19 
Breast muscle 267 65 
Specimen dead August 21, 1950—margin of campus 
Brain 196 65 
Liver 50 9 
Specimen dying September 6, 1950—near campus 
Brain 68 34 
Heart 179 57 
Liver 200 51 
Gall bladder 74 11 
Respiratory system 73 24 
Crop (empty ) 
and oesophagus 88 30 
Gizzard 60 18 
Spleen 73 25 
Testes and intestine 88 181 
Pancreas 101 83 
Kidney 126 42 
Breast muscle’ 104 28 





1 Fat tissue was not found. 


SUSPECTED ROLE OF EARTHWoRMs 


The collected robins had empty crops 
This would suggest that they had acquired 
DDT in a material that was quickly 
digested. Crop studies (Forbes, 1903; Bea] 
1915) and fecal analyses (Hamilton, 1949) 
have implied that Bibio albipennis larva. 
and similar insects are important food of 
robins and that earthworms form an insig. 
nificant part of their diet. However, field 
observations by other writers do not support 
this contention. Forbush (1913), Barrows 
(1912: 722-727), and Walton (1928) record 
that during spring and early summer and 
again in autumn robins feed largely op 
earthworms and that the first brood of 
young in March is reared largely on earth. 
worms. In reports on food of robins, little 
attention has been given to soil types. The 
soil type influences the annelid populations 
in an area (Walton, op. cit.). Earthworms 
were unusually abundant, and_bibionid 
larvae were rare in Urbana in 1950 and 
1951.? 

The absence of any sclerotized exo- 
skeleton makes fragments of earthworms 
easier to digest and more difficult to iden- 
tify than insect fragments. This is a factor 
in crop studies and fecal analysis. Because 
dying robins were found in the spring before 
insects became abundant and because more 
robins died after heavy rains, earthworms 
were suspected of containing a lethal dose 
of DDT. 

Although Baker (1946) suggested that 
earthworm populations were reduced by 
spraying DDT on elms, Fleming and Hadley 
(1945) reported 100 Ibs./a. ineffective for 
control of Pheretima, an exotic earthworm. 
Richards and Cutcomp (1946) reported that 
earthworms survive in water containing 
1:10,000 DDT. (In an acre furrow slice 
1:10,000 would be 214 Ibs. DDT/a.) 


2 Dr. G. C. Decker has observed a conspicuous 
decline in the population of earthworms on the 
campus since 1950, and correlated with this, a de 
cline in bird mortality. Only three dead birds were 
reported in 1953, and only one contained DDT; 
two birds were reported in 1954 and neither cot- 
tained DDT; no dying birds have been reported 
since. 
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TaBLE 5.—DDT anp DDE ConTent or Brains (Wet WEIGHT) oF Deap ANIMALS FouNnD 
ON THE CAMPUS 











Animal pg. DDE/g. ps. DDT/g. 
Eastern cottontail, Sylvilagus floridanus 0 14 
Eastern cottontail, Sylvilagus floridanus 6 5 
Gray squirrel, Sciurus carolinensis 0 4 
Yellow-billed cuckoo, Coccyzus americanus 0 0 
House sparrow, Passer domesticus 40 108 
House sparrow, Passer domesticus 29 167 
Common grackle, Quiscalus quiscula 33 242 
Common grackle, Quiscalus quiscula 0 0 
Common grackle, Quiscalus quiscula 0 0 
Common grackle, Quiscalus quiscula 0 0 
Starling, Sturnus vulgaris 20 0 

175 4 


Rock dove, Columba livia 





Seven specimens of Lumbricus terrestris 
were collected on July 17, 1950, from various 
parts of the campus. These were dissected 
and the tissues analyzed to find if they con- 
tained DDT. The data of Table 6 show 
much DDT in the crop and gizzard. In 
view of the low concentrations found in the 
soil, this suggests that by selective feeding 
on sprayed leaf mulch, these worms were 
concentrating DDT. Since feeding habits 
could influence DDT uptake, several species 
of earthworms were analyzed for DDE and 
DDT. The quantities of DDT and DDE in 
species of earthworms readily found on the 
campus are given in Table 7. The mixed or 
unidentified species of earthworms were 
collected at night from the soil surface near 
elm trees; most of the specimens collected 
were L. terrestris. One worm collection from 
an unsprayed field 3 miles from the campus 
contained 3 pg./g. of DDT. This may have 
resulted from application of manure out of 
sprayed barns. 











TaBLE 6.—DDT (yug./g. FResH WEIGHT) IN 
Tissues OF Lumbricus terrestris AFTER First 
SPRAYING IN 1950 
Tissue us. DDT/g. 
Pharynx 157 
Oesophagus 97 
Crop and gizzard 403 
Intestine and dorsal blood vessel 194 
Ventral nerve cord 4 
Body wall—anterior end 48 
Body wall—clitellum 92 
Body wall—posterior end 39 





DiscuUssION AND CONCLUSIONS 


A 50-g. robin with 60 pg./g. of DDT con- 
tains the DDT equivalent of 11 L. terrestris 
or about 60 of the smaller species of earth- 
worms examined in this study. Since robins 
have been reported to take 10-12 earth- 
worms in as many minutes (Barrows, op. 
cit.), and since nestlings will each day con- 
sume food equal to 50 per cent of their body 
weight in addition to that supplied by the 
parent birds (George and Mitchell, 1947), 
earthworms seem to be one likely source of 
DDT poisoning for this species. 

Several methods to reduce bird mortality 
from this source seem possible: Leaves 
could be raked off in the fall to remove 
some DDT residue and to reduce the earth- 
worm food supply; the leaf mulch could be 
limed to hasten decomposition of DDT; 
lead arsenate could be sprayed to kill 
earthworms. 

The immediate effects, or lack of any, 
caused directly from DDT sprays have been 
assessed by other investigators. Direct 
sprays of DDT on nests (Mitchell, 1946) 
did not reduce egg hatch. Sprayed spruce 
budworms or corn borers fed to nestlings 
(George and Mitchell, op. cit.) gave toxic 
responses. 

Earthworms furnish an example of the 
complexities in assessing long-range effects 
of toxic residues. These biological concen- 
trators of DDT are influenced by such fac- 
tors as soil structure, cultural practices, and 
weather (Walton, op. cit.). The meager 
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TABLE 7.—DDE anp DDT Founp in WHOLE Eartuworms (Wet WEIcHT) 








Sample 


Av. Weight (g.) 





us. DDE/z. us: DDT/¢, 
On campus—after first spray, 1950' 
1 of Lumbricus terrestris 2.9 24 33 
1 of L. rubellus 0.3 59 145 
2 of Octolasium lacteum 0.6 22 82 
5 of Helodrilus zeteki 0.4 33 164 
5 of H. caliginosis trapezoides 0.5 14 39 
5 of immature, unidentified 0.9 3 65 
3 of immature, unidentified 0.2 23 109 
5 of mixed spp. 5.6 73 79 
One block from campus—unsprayed, 1950 
3 of unidentified specimens 1.4 7 9 
Farm area—unsprayed, 1950 
5 of unidentified specimens 0.3 0 3 
On campus—before first spray, 1951 
6 of unidentified specimens 0.4 33 86 





1 Identified with the keys of Smith (1915 and 1928). 


data available emphasize that biological 
effects of toxic chemicals or isotopes cannot 
be assessed in a few weeks following 
application. 


SUMMARY 


The spring after elm trees on 430 acres at 
Urbana, Illinois, were sprayed with 6 per 
cent DDT, 21 dying robins were found. 
Analyses of leaves, soil, earthworms, and 
robins suggested that fewer than 100 earth- 
worms can accumulate 3 mg. of DDT. This 
was approximately the median concentra- 
tion found in dying robins in this study. 
The importance of concentrators of toxins 
in assessing long-range biological effects is 
emphasized. 
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MULE DEER FOOD HABITS AND RANGE USE, LITTLE BELT 
MOUNTAINS, MONTANA’ 


Allan L. Lovaas 


Montana Fish and Game Department, Billings, Montana 


The Little Belt Mountains of central Mon- 
tana have been noted among hunters for 
their mule deer (Odocoileus hemionus) 
since the early days of the state’s history. 
Some information on deer numbers and 
range conditions has accumulated through 
the years but this study, conducted from the 
summer of 1956 to the spring of 1957, con- 
stitutes the first detailed investigation of the 
food habits and range use of the deer herd. 
The Little Belt Mountains are an isolated 
range varying in elevation from about 5,000 
feet in the foothills to an average of 8,000 
feet at the divide (Weed, 1899). The moun- 
tains are plateau-like, with broad, flat tops 
prevailing. The streams flow in deeply 
trenched courses and no broad valleys are 
present. 

The study area is included in the Judith 
River drainage on the eastern slopes of the 
mountains. The following vegetative types 
are typical of the area: spruce type, above 
7,000 feet, characterized by Engelmann 
spruce (Picea engelmanni) and alpine fir 
(Abies lasiocarpa); lodgepole pine type 
(Fig. 1), 6,000 to 7,000 feet, characterized 
by about equal amounts of lodgepole pine 
(Pinus contorta) and Douglas-fir (Pseudo- 
tsuga taxifolia); ponderosa pine type, 5,000 
to 6,000 feet, characterized by about equal 
amounts of ponderosa pine (P. ponderosa ) 
and Douglas-fir; and prairie type (Fig. 2), 
about 5,000 feet, characterized by open, 
rolling grassland interspersed with stands of 
ponderosa pine and limber pine ( P. flexilis). 

A very great variety of plants is found in the area, 
the following species being some of the more abun- 
dant. Shrubby cinquefoil (Potentilla fruticosa) is 
very abundant in all four types. Common juniper 


—— 


' A joint contribution from Montana State College, 
\gricultural Experiment Station, Project No. MS 
544, Paper No. 413, Journal Series, and the Wildlife 
Restoration Division, Project W-74-R-2, Montana 
Fish and Game Department. 
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Fic. 1. Lodgepole pine vegetative type. 


(Juniperus communis) is abundant in all but the 
prairie type. White spiraea (Spiraea betulifolia) 
and Oregon grape (Mahonia repens) are found in 
all wooded types below the spruce type. Low red 
huckleberry (Vaccinium scoparium) is very abun- 
dant in lodgepole pine forests. Kinnikinick ( Arcto- 
staphylos, uva-ursi), snowberry (Symphoricarpos 
spp.), and rose (Rosa spp.) are found in all types 
below the spruce type. Broad-leaved trees common 
along the water courses in the ponderosa pine type 
are Rocky Mountain maple (Acer glabrum), water 
birch (Betula occidentalis), chokecherry (Prunus 
virginiana), and cottonwood (Populus spp.) ; Cana- 
dian buffalo-berry (Shepherdia canadensis) is 
abundant throughout this type and some Rocky 
Mountain juniper (J. scopulorum) is present. Browse 
plants limited mainly to the prairie type are creeping 
juniper (J. horizontalis) and fringed sagebrush 
( Artemisia frigida ). 

Forbs commonly found to some extent in all 
four types are geranium (Geranium spp.), cinque- 
foil (Potentilla spp.), dandelion (Taraxacum offi- 
cinale), aster (Aster spp.), pussytoes (Antennaria 
spp.), yarrow (Achillea lanulosa), bedstraw (Gal- 
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Feo. 3. 


Prairie vegetative type. 


ium spp.), thistle (Cirsium spp.) and goldenrod 
(Solidago spp.). Arnica (Arnica spp.), strawberry 
(Fragaria virginiana), and lupine (Lupinus spp.) 
are abundant in the wooded types. Hood’s phlox 
(Phlox hoodii) and eriogonum (Eriogonum spp.) 
are most abundant in the prairie type. 

Common grasses in the area include Idaho fescue 
(Festuca idahoensis), timothy (Phleum spp.), 
brome (Bromus spp.), and bluebunch wheatgrass 
(Agropyron spicatum). 


Summer observations were made _pri- 
marily along a 32-mile route that paralleled 
the South Fork of the Judith River from the 
Judith River Game Range in the prairie type 
to the mountain range divide. The winter 
study area was limited to a prairie-type area 
around the game range, the lower 11-mile 
segment of the route along the South Fork 
and a 5-mile route in Dry Pole Canyon. 
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Additional observations were made along 
subsidiary routes in the general area at 
various times during the year. Three styq 
methods were employed. Deer use of vege. 
tative types was investigated by recordin 
numbers of deer observed per type. Food 
habits were studied by rumen analyses anq 
feeding-site examinations, using techniques 
similar to, or modified from, those of Saup. 
ders (1955), Cole (1956), and Wilkins 
(1957). Twenty-five deer (11 mature fe. 
males, 5 mature males, 5 yearlings, 4 fawns) 
were collected for rumen samples in the 
period from July 12, 1956, to May 12, 1957. 
At least two samples were collected in every 
month except May, which had one, and June, 
with none. The percentage that each item 
constituted of the total retained rumen con. 
tents for a period was computed by the 
aggregate percentage method (Martin, 
Gensch, and Brown, 1946). Percentages 
were obtained volumetrically and by air-dry 
weights. Only the volumetric results are 
discussed in this paper. The feeding-site 
examination technique involved my obsery- 
ing deer feeding in an area and then exam- 
ining the area closely. Each fresh clipping 
or bite that could be determined on a plant 
was recorded as an instance of use. Nonuse 
of prominent plants on a site was also re- 
corded. A bright, yellow-colored cord was 
often used to define a summer site for more 
accurate examination, while tracks in snow 
accomplished this purpose in winter. A total 
of 91 feeding-sites, involving 325 deer, was 
examined and 7,462 instances of use were 
recorded. Numbers of rumen samples col- 
lected and feeding-sites examined per type 
for each period are shown in Table 1. 
The writer wishes to extend thanks to the 
following: Don C. Quimby, Montana State 


TABLE 1.—NuMBERS OF RUMEN SAMPLES COLLECTED AND FEEDING-SITES EXAMINED (IN PARENTHESES) 
Per Type For EAacH SEASON, AND TOTAL INSTANCES OF UsE RECORDED EACH SEASON 








Vegetative Types 








Seasons Prairie Ponderosa Pine Lodgepole Pine Spruce Instances of Use 
Summer 0 (1) 2 (22) 2 (19) 2 (5) 1,743 
Fall 1 2 4 

Winter 3 (17) 3 (8) 3 (19) 5,719 
Spring 1 1 1 
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College, for technical supervision and guid- 
ance in preparation of the manuscript; Reuel 
Janson and Lloyd Casagranda, Montana 
Fish and Game Department, for their co- 
operation and sharing of equipment; Bert 
Goodman, Smoky Sanders, Bruce Wilkins, 
LeRoy Lemmon, and Robert Varner, Mon- 
tana Fish and Game Department, for aid 
in making the deer collections; Glen Cole, 
Montana Fish and Game Department, for 
advice and interest; Bert Goodman and Mr. 
and Mrs. Smoky Sanders for their hospitality 
and co-operation while staying at the Judith 
River Game Range; W. E. Booth, Montana 
State College, for aid in identification of 
plant materials. During the study, the writer 
was employed by the Montana Fish and 
Game Department under Federal Aid 
Project W-74-R-2. 
RANGE UsE 


Range use during the summer period was 
determined from 27 trips made along the 
main route, which included areas from all 
four vegetative types. Deer movements to 
higher elevations in early summer and to 
lower elevations in September are shown 
in Table 2. This movement trend was sub- 
stantiated by additional observations from 
93 other, shorter trips made in only the two 
lower vegetative types. The average num- 
ber of deer observed per trip on the prairie 
type increased from none in June and 0.3 
in July to 0.6 in August and 3.1 in September. 
In the ponderosa pine type, the average 
number per trip fluctuated from 5.0 in June 
toa low of 1.6 in July, to 2.3 in August to a 
high for all types of 15.7 in September. 

Nine additional trips, discussed below, 
were made in Dry Pole Canyon (Fig. 3), a 


TABLE 2.— NUMBER OF MULE DEER OBSERVED PER 

MontH AND PERCENTAGES OBSERVED PER VEGETA- 

TIVE TYPE FoR 27 Trips ALONG THE MAIN ROUTE, 
SUMMER 1956 











Month .. June July Aug. Sept. 
No. of Trips 2 6 10 9 
No. of Deer 33 97 94 196 
Vegetative Type Percentages 

Spruce 33 oi 45 v | 
Lodgepole pine 30 60 34 9 
Ponderosa pine 36 11 16 68 
Prairie 0 re 5 15 








Fic. 3. Part of Dry Pole Canyon. 


canyon leading out of the South Fork and 
rising from about 5,000 feet elevation to the 
divide in a distance of about 8 miles. Dry 
Pole Canyon provided similar conditions to 
those along the main route, as all vegetative 
types except prairie were found there. 

During the winter period, 34 trips were 
made along the main route; 24 of these ex- 
tended into Dry Pole Canyon. Twenty-six 
trips were made in the prairie-type winter 
range. Ninety-nine deer were observed in 
the ponderosa pine type along the South 
Fork and 183 in Dry Pole Canyon. The 
major winter range in the area appeared to 
be the prairie type, where 1,368 deer were 
recorded. No deer and few tracks were ob- 
served on two trips to higher elevations 
(Burley Peak and the Middle Fork) in early 
March. 

Numbers of deer on the prairie winter 
range varied with the weather (Fig. 4). 
During cold and snowy periods the deer 
moved onto the open range and into patches 
of timber in herds numbering up to 350. 
When the weather moderated, they moved 
up and spread out into the timbered gulches 
of the Middle Fork and Yogo Canyons. 

Sixty-two deer were observed in Dry Pole 
Canyon in the summer and 183 in the winter. 
For summer and winter, respectively, these 
observations by type were as follows: pon- 
derosa pine, 8 per cent (5) and 25 per cent 
(46); lodgepole pine, 44 per cent (27) and 
72 per cent (132); spruce, 48 per cent (30) 
and 3 per cent (5). 
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Foop Hasits 


The results of the food-habits studies are 
shown in Table 3. Scientific and common 
names of plants used in the following de- 
scriptions follow those of Booth (1950), 
Wright and Booth (1956), or those given by 
the American Joint Committee on Horti- 
cultural Nomenclature (1942). Because of 
the apparent differences in the food habits 
of deer wintering along the South Fork and 
in Dry Pole Canyon and those wintering on 
the prairie type, the results of studies from 
these two winter ranges are discussed 
separately. 

Summer (July, August, September). Forbs 
constituted the major part of the rumen 
samples (65.8 per cent). Raceme pussytoes 
(A. racemosa) had the largest individual 
percentage (12.6), due mainly to its con- 
stituting 67.9 per cent of one sample. Other 
heavily utilized forbs were geranium, aster, 
dandelion, and cinquefoil. Browse plants 
formed 19.5 per cent. Snowberry, low red 
huckleberry, and rose were most prominent. 
Mushrooms (order Agaricales ) formed 12.1 
per cent and were the major item (59.5 per 
cent ) in an August sample. Grass was used 


little (2.0 per cent ) but was present in every 
sample. 

Feeding-site examination results were 
comparable to the rumen-sample analyses, 
Most feeding-site examinations were made 
in the later part of the summer, and the later. 
flowering asters and daisies ( Erigeron spp.) 
were represented to a larger extent than in 
the rumen samples. Daisy was indistinguish- 
able from aster in the rumen samples. An- 
ica use was determined mainly on one site 
where 63 of its total 70 instances of use were 
observed. Rose use was detected on 20 feed- 
ing-sites, the largest number of sites for any 
plant during the period. Low red huckle- 
berry was less prominent by this method, 
but determining usage of it was very diffi- 
cult because of its physical nature. Grass 
was better represented by this method (115 
per cent). No use was found of mushrooms, 
which grow under trees in dense cover where 
feeding-site examinations are difficult to 
accomplish. 

Fall (October, November, December) 
Totals of forbs (53.1 per cent) and browse 
plants (43.8 per cent) in the rumen samples 
were much more equal during this period 
than in the summer. Aster, balsamroot 
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(Balsamorhiza sa gittata ), twin flower (Lin- _ in all six samples but only as traces. Oregon 
pee borealis), and Hood’s phlox were the grape was the most utilized browse plant 
most prominent forbs. Bedstraw was found (29.1 per cent ). It was found in five samples 


TasLE 3.—MuLe Deer Foop Hasits FROM ANALYSES OF 25 RUMEN SAMPLES AND EXAMINATION 
oF 91 FEEpING-srres (T = trace—less than 0.5 per cent) 





























Summer Fall Winter Spring Prairie-type; Winter 

47 Feeding- 6Rumen_ 6 Rumen 27 Feeding- 6 Rumen 2 Rumen 17 Feeding- 5 Rumen 

_ sites Samples Sample s sites Sample s Si amples sites Samples 

% of Use % Vol. % Vol. of Use % Vol. % Vol. %o of Use % Vol. 
Juniperus communis — — 8.2 63.8 56.7 30.7 tT é if 
]. horizontalis -— — — 0.3 iS — 49.2 91.1 
Arctostaphylos uva-ursi — 0.9 0.7 2.4 8.7 7.0 14.9 1.5 
Mahonia repens — - 29.1 0.9 4.7 — — 6.0 
Pseudotsuga taxifolia — j 17 7 3.6 3.8 0.6 T 
Pinus ponderosa — ‘i : 0.6 7 a 1.6 12.7 
Artemisia frigida — —_ eae 3.6 — — 1.2 3.5 
Vaccinium scoparium 0.3 3.9 ‘i — — — — — 
Rosa spp. 14.0 22 +. — T i — Z 
Symphoricarpos spp. 3.5 7.8 : — 7. T — T 
Tetradymia canescens — pi — es Lact 5.6 T 
Unidentified browse — 0.3 2.6 — T ‘% — 2.0 
Other browse, 20 plants’ 8.7 4.3 is 4.0 2.7 — 0.8 1.0 
Total browse 26.5 19.5 43.8 75.6 77.9 41.5 73.9 47.8 
Aster spp. 22.4 6.6 12.1 2.5 8.7 = 17.3 8.6 
Taraxacum officinale te 6.1 — — — 7.0 — ‘i 
Erigeron spp. 6.5 — — 1.3 — — — — 
Geranium spp. 3.6 8. — — — — — — 
Arnica spp. 4.0 a — — — — — — 
Potentilla spp. 3.3 3.2 — — — — T 
Antennaria spp. — 0.2 0.5 0.2 — 0.8 3.6 
A. racemosa — 12.6 — — — — — — 
Cirsium spp. 1.4 3.0 1.8 0.2 T —- 0.6 
Balsamorhiza sagittata — — 9.0 0.7 — — 0.8 < 
Phlox hoodii — 6.9 0.9 0.4 1 0.6 35 
Linnaea borealis — T 8.7 1.1 5.1 — — — 
Geum triflorum — 0.1 — — — Ps 0.8 — 
Eriogonum spp. ¥ 0.4 — T = —- —- 8.9 
Unidentified forbs 3.2 23.0 12.0 2.0 4.5 Hh 0.6 15.5 
Other forbs, 36 plants? 11.1 4.1 1.2 4.0 0.8 4.6 1.4 2.9 
Total forbs 61.3 65.8 53.1 14.8 19.9 20.6 22.3 43.6 
Grasses 11.5 2.0 3.0 9.1 13 37.8 3.6 8.5 
Mushrooms — 121 — _ — a a — 
Lichens — 0.1 — —_ 0.2 x i — gi 
Antler = — — — 0.1 — — _— 





1Twenty browse plants have been omitted from the table because they individually, in any season, never constituted over 
2.9 per cent: Pinus spp., P. contorta, P. flexilis, Cornus stolonifera, Potentilla fruticosa, Shepherdia canadensis, Prunus 
virginiana, Spiraea betulifolia, Salix spp., Vaccinium spp., V. occidentale, V. cespitosum, Juniperus scopulorum, Populus 
tremuloides, Acer glabrum, Betula occidentalis, Alnus sinuata, Ceanothus velutinus, Ribes viscosissium, R. setosum. 

? Thirty-six forbs have been omitted from the table because they individually, in any season, never constituted over 2.9 
per cent: Fragaria virginiana, Heuchera parviflora, Penstemon spp., Galium spp., Astragalus spp., Lupinus spp., Tri- 
folium spp., unidentified legumes, Agoseris spp., Solidago spp.,Tragopogon dubius, Artemisia ludoviciana, Campanula 
rotundifolia, Monarda fistulosa, Lomatium spp., Pyrola spp., Apocynum pumilum, Achillea lanulosa, Rumex spp., 
Disporum trachycarpum, Cerastium spp., Frasera speciosa, Thalictrum venulosum, Paronychia sessiliflora, Clematis spp., 
Hedysarum spp., Epilobium spp., Linum lewisii, Aquilegia spp., Liatris punctata, Heracleum lanatum, Mentha arvensis, 
Anemone spp., Phacelia leucophylla, Douglasia montana, Mertensia spp. 











280 


and constituted 84.6 per cent of a November 
sample, which was the greatest percentage 
for any one item in any of the 25 rumen 
samples. Common juniper was the only 
other prominently used browse plant. Com- 
mon juniper, Douglas-fir, kinnikinick, and 
Canadian buffalo-berry were found in all 
six samples. Rose dropped to a trace but 
was present in five samples. Grass equaled 
3.0 per cent and was present in all six 
samples. Oregon grape was the most abun- 
dant plant in two samples; twin flower, 
balsamroot, aster, and Hood’s phlox in one 
each. 

Forested winter range (January, Febru- 
ary, March). Browse plants were much more 
prominent in the rumen samples (77.9 per 
cent) than forbs (19.9 per cent). Common 
juniper was the most utilized browse species, 
being present in all six samples and varying 
in amounts from 43.5 to 68.7 per cent. Kin- 
nikinick, Oregon grape, and Douglas-fir 
were also well represented. Douglas-fir and 
kinnikinick were found in all six samples, 
while Canadian buffalo-berry and choke- 
cherry were each found in five. Kinnikinick 
was present in moderate amounts (trace to 
6.3 per cent) in all but a March sample, 
where it constituted 42.9 per cent. Aster and 
twin flower were the only forbs well rep- 
resented. Aster was the only forb found in 
all six samples and reached a maximum of 
35.5 per cent in a January sample. Twin 
flower made up 20.8 per cent of a March 
sample. Grass dropped to 1.3 per cent and 
was present in only four samples. 

Feeding-site examination results were 
quite similar to the rumen analyses. Com- 
mon juniper and aster were also found to be 
the most utilized browse plant and forb, 
respectively, by this method. Fringed sage- 
brush use came from two open sites; no 
deer were collected near these sites or simi- 
lar areas. Use of Douglas-fir was found on 
only two sites, but it was present at 14 sites 
where no use was detected. Grass consti- 
tuted 9.1 per cent of the usage. A total of 
245 of the 326 instances of use on grass were 
on one site in March. The grass taken was 
green; no green grass was found in the 
rumen samples for the period. 
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Prairie-type winter range. Deer food 
habits on the prairie-type winter range Were 
investigated by analyses of five rume, 
samples collected from November to April 
the period of the year when deer were found 
in numbers on this type. Seventeen feeding. 
sites were examined on this type during the 
winter study period (January, February 
March). 

Browse plants were the most abundant 
class of forage in the rumen samples (478 
per cent ). Creeping juniper had the greates 
volume, followed by ponderosa pine, Oye. 
gon grape, and fringed sagebrush. Creeping 
juniper was found in four of the samples and 
was the most abundant species present jn 
three, all from deer collected on the open 
prairie. Ponderosa pine was the most abun. 
dant species (57.0 per cent) in a February 
sample from a deer collected in a dense 
ponderosa pine area. No creeping juniper 
was found in this sample. Oregon grape was 
found in only the November sample, where 
it was the most abundant species (29.9 per 
cent). This sample was from a deer col- 
lected on the edge of the prairie type next 
to an old timber burn. No Oregon grape was 
found growing on the prairie type. Forbs 
were nearly as well represented as browse 
plants (43.6 per cent). Eriogonum and 
aster were the most prominent. Eriogonum 
made up 20.6 per cent of the April sample. 
Grass equaled 8.5 per cent for this type, 
with the greatest amount being 15.0 per cent 
in the November sample. Aster and grass 
were the only plants found in all five 
samples. 

Feeding-site examination results were 
comparable to the rumen analyses but to 
a lesser extent than in previous compari- 
sons. Use of creeping juniper was difficult 
to detect, due to the structure and growing 
habit of the plant. For this reason, feeding 
sites where creeping juniper was used wert 
examined only during or just after a snow 
fall. Deer appeared to use creeping juniper 
especially heavily during these times. Some 
of the apparent use recorded may have te 
sulted from pawing, although attempts wert 
made to minimize this. Horsebrush ( Tetr0- 
dymia canescens) and kinnikinick, more 
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Mute Deer Hasits AND RANGE Use—Lovaas 


prominent in the feeding-site technique, 
were found in patches on the range and no 
deer were collected near these areas. 

Spring (April, May). Browse plants were 
the most abundant items present (41.5 per 
cent) in the rumen samples, with common 
juniper being the most prominent. The only 
other browse plants present in measurable 
amounts were kinnikinick and Douglas-fir. 
Browse plants constituted 26.8 per cent of 
the April sample and 56.2 per cent of the 
May sample. Grass was next in amount 
(37.8 per cent). The grass taken was mostly 
green and fresh. In the April sample, grass 
constituted 70.9 per cent. This amount is 
second only to that of Oregon grape in a fall 
sample (84.6 per cent) as representing the 
greatest volume of any one item in any one 
sample of the 25 rumen samples. Grass 
dropped to 4.7 per cent in the May sample. 
Forbs constituted 20.6 per cent. Dandelion 
and prairiesmoke (Geum triflorum) were 
most abundant. Forbs rose from 2.4 per cent 
in the April sample to 39.1 per cent in the 
May sample. 


DIsCcussiION 


The results obtained from the two meth- 
ods of food-habits study are surprisingly 
comparable, but use of the feeding-site 
examination technique increased the num- 
ber of deer involved in the food-habits study 
from 25 to approximately 325 and also great- 
ly increased the area covered. 

Year-long trends are apparent in the deer 
use of forage classes. Forbs were the most 
prominently used forage class in the sum- 
mer, browse was second, and grass use was 
minor. Browse-plant use became more pro- 
nounced during the fall period, and average 
amounts of browse and forbs found in the 
rumen samples for the entire period were 
nearly equal, while grass use remained 
minor. Browse was the most abundant for- 
age class used in the winter, forbs were 
second, and grass was even lower than for 
the previous periods. Browse, although uti- 
lized in smaller amounts than during the 
winter, was still prominent in the limited 
spring sampling, while forb use gradually 
increased during the period and grass use 
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rose to maximum amounts. These trends are 
similar to those found by Smith (1952) in 
Utah and Wilkins (op. cit.) in the Bridger 
Mountains, Montana. 

Common juniper and creeping juniper 
were the most utilized plants during the 
winter period. This is in contrast to the 
findings of Cowan (1947) for mule deer in 
Alberta, and Hill and Harris (1943) for 
mule deer and white-tailed deer (O. vir- 
ginianus ) in South Dakota. In those studies 
kinnikinick was found to be the most heavily 
used plant and junipers rated very low in 
utilization. 

Some plant species appeared to have low 
palatability for deer during all seasons, 
as indicated by feeding-site examinations 
(Table 4). Rose and snowberry were read- 
ily taken during some seasons but not others. 
Some of these plants were better represented 
in the rumen samples, however. Yarrow was 
found in 17 rumen samples, 15 times as a 
trace, and at a maximum of 1.4 per cent. 
Use is difficult to detect on this plant unless 
the main stem is clipped. Shrubby cinque- 
foil, the most abundant shrub growing in 
the study area, was found as a trace in four 
rumen samples. 

Common juniper plants in the South Fork 
area were in much better condition than the 
creeping juniper plants found in the prairie 
type. Weed (op. cit.) stated that mat-like 
growths of ground cedar (creeping juniper ) 
were present in the prairie-type area in 1899. 
Long-time residents in the area related to 


TABLE 4.—PLANTs FOUND OFTEN ON FEEDING-SITES 
BUT SELDOM UTILIZED BY DEER 








Number of Sites 
Where Used 


Number of Sites 





Plants Where Present 
Potentilla fruticosa 30 0 
Achillea lanulosa 27 3 
Rosa spp. 
summer 23 20 
winter 26 0 
Symphoricarpos spp. 
summer 22 r 4 
winter 21 0 
Lupinus spp. 10 3 
Pinus flexilis 8 0 
Picea engelmanni 7 0 
Juniperus scopulorum 5 1 
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the author that great difficulty was encoun- 
tered in about 1920 by early farmers in at- 
tempting to plow up dense, tough creeping 
juniper patches on the prairie type. The 
Biennial Report for 1941-42 of the Montana 
Fish and Game Commission reported that 
the deer population in the Judith River 
drainage rose to a high peak in 1939. This 
report stated further that a 1941-42 winter 
survey made by commission personnel re- 
vealed serious damage to the range species 
in the prairie-type area due to abnormal use 
over a period of years, while several adjacent 
ranges, including the South Fork, were 
underused. 

Deer collected for rumen samples from 
the South Fork area were in much better 
physical condition than those from the 
prairie type. Kidney weights were obtained 
from five deer collected during the winter. 
The kidneys were weighed with and with- 
out the surrounding fat (ends were not 
trimmed) and a “kidney-fat index” rating 
was found by expressing the weight of the 
fat as a percentage of the kidney weights 
(Riney, 1955). Weights were taken to the 
nearest gram. A mature male collected from 
the prairie-type area on January 16 had an 
index of only 4 per cent kidney fat, while a 
mature male taken from the South Fork area 
on February 25 had an index of 10 per cent. 
Two mature females taken from the South 
Fork area on January 29 and March 26, had 
indexes of 25 and 22 per cent kidney fat, 
respectively, while a mature female, taken 
from the prairie type on March 13, had an 
index of only 4 per cent. 

Deer reproduction in the study area was 
found to be very poor. In September 1956, 
268 does and 101 fawns were censused by 
the author along the main study route of the 
South Fork for a ratio of 37.7 fawns per 100 
does. A two-man crew from the Judith River 
Game Range censused 814 does and 290 
fawns on the prairie-type range during 
November and December 1956 and January 
1957 for a ratio of 35.6 fawns per 100 does. 


SUMMARY 


A mule deer food-habits and range-use 
study was conducted in the Little Belt 
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Mountains, Montana, from the summer of 
1956 to the spring of 1957. The four main 
vegetative types represented in the are, 
were prairie, ponderosa pine, lodgepole 
pine, and spruce. Methods used include 
observations of deer on various vegetatiy, 
types, rumen-sample analyses, and feeding. 
site examinations. 

Deer were found to move to higher ¢e. 
vations during the summer, and a dow, 
ward movement trend was noted in Septem. 
ber. The most important winter range wa; 
found to be in the prairie type, while othe; 
types were used to lesser extents. Forhs 
were found to be the most prominently used 
forage class in the summer. Browse and for) 
use were about equal in the fall. Browse 
was the most prominent class in the winter 
and was still prominent, along with grass, in 
the spring. Common juniper and creeping 
juniper were each found to be the most 
utilized winter browse species on one of 
two winter range types. Deer wintering in 
the overutilized creeping juniper areas were 


found to take a higher percentage of forbs f 


and to be in a poorer physical condition 
than those wintering where less utilized 
common juniper was prevalent. Deer re. 
production in the study area was found to 
be poor. 
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SOME STATISTICAL ASPECTS OF THE RELATIONSHIP OF QUAIL 
DENSITY TO FARM COMPOSITION’ 


Vincent Schultz and Samual H. Brooks 


Agricultural Experiment Station, University of Maryland, College Park, Maryland; and Technical 
Operations, Inc., Monterey, California 


The role of habitat composition in the 
establishment and maintenance of bobwhite 
quail (Colinus virginianus ) population den- 
sities has been much discussed and accepted 
as an integral part of game management. 
During the early years of game manage- 
ment, habitat deficiencies were considered 
to be recognizable features of many areas, 
but in recent years wildlife biologists have 
expressed doubt as to the reliability of such 
observations and are demanding substantia- 
ting data. As expressed by Nice (1954), “In 
the search for truth it is essential to demand 

‘This paper is based on data collected under the 
supervision of the senior author by the Tennessee 
Game and Fish Commission with Federal Aid to 
Wildlife Restoration Funds under Pittman-Robert- 
son Project Number W-16-R. The assistance of 
R. H. Anderson, J. A. Fox, W. H. Griffin, E. Legler, 
Jr, W. M. Weaver, Jr., and G. A. Webb in collect- 
ing the data is acknowledged. Various persons in 
the Department of Biostatistics, Johns Hopkins Uni- 
versity; D. W. Hayne of the Institute for Fisheries 
Research, Michigan Department of Conservation; 
P. Meier of the Department of Statistics, University 
of Chicago, and D. B. Duncan of the Department of 
Statistics, University of North Carolina have advised 
on the analysis and preparation of the manuscript. 
The interpretations presented in this manuscript 
are the responsibility of the writers and are not to 
he interpreted as those of the above persons. 

Scientific Article No. A659, Contribution No. 
2858 of the Maryland Agricultural Experiment Sta- 
tion, 


the evidence.” It was clearly not enough to 
believe that cover-types influenced popula- 
tion densities as the question arose, “How 
much is the effect and what is the impor- 
tance of interrelationships?” 

It is difficult to summarize, other than in 
the most general terms, the current status 
of our knowledge on quail cover-type re- 
lationships. In general, past studies on this 
subject have been of such a nature as to 
preclude reliable statements, other than the 
most general, on the relationship of quail 
population density to the amount and inter- 
spersion of cover-types. Apparently such 
relationships as may in fact exist are not 
constant over the bobwhite’s range. Trip- 
pensee (1948) summarizes our current 
knowledge as follows: “The bobwhite is a 
bird primarily of farm lands, thickets and 
open woodland. It rarely occurs in any 
great numbers on heavily timbered lands of 
extensive area devoted principally to the 
production of forest crops but thrives best 
on lands of diversified cover well inter- 
spersed in small units.” More specifically 
Stoddard (1946) states, “The methods used 
in cotton raising are highly detrimental to 
quail. And ... sheep pasture, next to cotton 
land, is about the worst quail habitat 
known.” In addition, Stoddard and Komarek 
(1941) state, “The amount and distribution 





284 


of cultivated land and its proportion to 
woodland, what crops are grown, and what 
farming practices are followed; all influence 
the quail crop considerably. . . .” 

Currently biologists and administrators 
alike are expressing concern in regard to 
current wildlife-habitat-improvement prac- 
tices and are requesting evaluation projects. 
It would be desirable if such evaluation proj- 
ects would have as a basis more explicit in- 
formation on habitat requirements of the 
game animal in question. Evans, et al. 
(1954), reporting as a committee, strongly 
urge that, wherever possible, basic ap- 
proaches to the problem of habitat and 
populations be developed and integrated 
with the applied approach. They also em- 
phasize the need for suitable sampling and 
a statistical evaluation of the results. 

In this paper an attempt is made to study 
by means of regression analysis the relation- 
ship of bobwhite quail population levels to 
farm composition in three Tennessee farm- 
ing-types or regions. The land-use practices 
in these farming-types are diversified and 
include those mentioned by the above 
writers as influencing quail population den- 
sities. The paper is primarily concerned 
with a discussion of problems arising in the 
sampling and analytical procedures and 
secondarily with biological conclusions. 
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In general, the results of this analysis are 
consistent with the findings of the aboye 
writers but the lack of independence jn the 
variables makes it impossible to disentangle 
completely the magnitude of their individ. 
ual effects. The nonstatistically trainej 
reader should realize that this is not the 
result of the analytical procedure but that 
this difficulty is present no matter what 
method of interpretation is used. 


METHODS 


Sampling.—The data utilized in this study 
were collected by the Tennessee Game and 
Fish Commission on a state-wide wildlife 
survey during 1950-51 (Schultz, et al., 1954) 
The survey procedure reported on by 
Schultz (1952, 1954) included a method of 
sampling known as “area sampling,” In 
brief, the method consisted of a proportion- 
ate stratified random sample of land areas 
(primary sampling units ) in rural Tennessee 
with a sampling rate approximately 1:505, 
The areas were not equal in size as they were 
selected in order to average five indicated 
dwellings per area. Stratification was on 
the basis of farming-types as delineated by 
Luebke, et al. (1947). Heads of farm house. 
holds dwelling upon these areas were 
personally interviewed and information on 
farming practices, farm composition and 
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Distribution of sampling areas in farming-types III, VII, and X. 
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TABLE 1.—SAMPLE CHARACTERISTICS 














— Farming-type 
III VII xX Total 
Farm Data 
Number of farms 
Less than 50 acres 290 66 170 - 526 
More than 299 acres 13 7 29 49 
No. coveys unknown 5 2 16 23 
Total: farms 489 196 537 1,122 
Area Data 
Number of areas ; 
Rejected 16 1l 18 45 
Utilized sd 51 139 267 
Total 93 62 157 312 
Average number 
Farms per area 2.352:0.3' 2.37+.02 2.32+.01 — 
Coveys per area 8.43+.92 5.88+.25 3.55+.05 ee 
Average acreage 
Pasture 100.8+11.1 149.5+13.8 151.1+8.5 po 
Woodland 45.5+ 6.8 67.4+ 9.0 70.7+5.7 aie 
Cropland 85.62 7.5 62.3+ 6.6 59.1+4.7 oot 
Coveys per 100 acres 3.6 2.1 1.3 ara 





1Qne standard error 


quail populations was obtained. Informa- 
tion from such persons in three farming- 
types is utilized in this paper. The pro- 
cedure of selecting groups of farmers rather 
than individuals at random is known as 
“cluster sampling.” Yates (1949) defines 
cluster sampling as “. . . sampling in which 
the sampling units are aggregates or ‘clus- 
ters’ of the natural units.” Research work- 
ers utilizing a cluster-sampling procedure 
should realize that data from individual 
units (farmers) cannot be handled as though 
a random sample of individual units was 
selected. Cochran (1953) discusses some 
of the more important properties of cluster 
samples. The distinction between “cluster 
samples” and “simple random samples” is 
rarely made in biological data, an error of 
importance. 

In our study, farming-types were select- 
ed on the basis of quail population densities 
and include what the senior writer considers 
a high, low and intermediate quail popula- 
tion area in Tennessee, farming-types III, X 
and VII, respectively (Fig. 1). The number 
of reported coveys per 100 acres in each 
farming-type was 3.6, 1.3 and 2.1, respec- 
tively (Table 1). 


Some consideration was given to covey- 
range overlap on neighboring farms by de- 
leting from the study all farms totaling less 
than 50 acres. All farms exceeding 299 acres 
and all farms upon which the number of 
coveys was reported as unknown were also 
deleted in an attempt to compensate for 
insufficient knowledge on the part of the 
respondent. The extent of such a restriction 
is presented in Table 1. Thus, information 
collected on 624 farms distributed on 267 
sampling areas was utilized (Fig. 1, Table 
1). Sampling-area totals rather than farm 
totals were used in the statistical analysis 
because a cluster-sampling procedure was 
utilized in collecting the data. 

Farmer knowledge of quail populations 
has been previously utilized by Kozicky and 
Hendrickson (1952) in a study of bobwhite 
quail population fluctuations in Iowa. It is 
the senior author's belief that such data on 
covey number are in general consistent with 
the facts and often are more reliable than 
estimates determined from short-term census 
techniques, e.g., by the use of bird dogs 
over a period of one or two days. In the 
Tennessee survey, farmers were requested 
to furnish information on the number of 
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fall coveys on their farms. Although esti- 
mates of covey size were obtained from 
farmer respondents, they were not con- 
sidered as reliable as the estimated number 
of coveys and consequently were not 
utilized. This paper does not consider edge 
effect, as respondents were requested only 
to furnish information on the total acreage 
of cropland, pasture and woodland on their 
farm. Hay and fallow land were classified 
as pasture. Some difficulties arose at times 
in defining these three acreage types, but 
all in all, they were distinct enough to per- 
mit farmer classification. 

Analytical—tThe statistical analysis con- 
sisted of an application of regression theory. 
A simple linear regression of number of 
coveys was fitted on each of the variates, 
acres of pasture, woodland and cropland, 
to decide which variates should be included 
in a multiple-regression model. As all of the 
simple linear regression coefficients were 
significantly different from zero (Table 3), 
it was decided that the three variates should 
be included in the multiple-regression 
model. The assumptions are that the re- 
ported number of quail coveys (y) on an 
area in each farming-type is expressable as 
a linear function of the fixed variables x, 
(acres of pasture), x2 (acres of woodland), 
x3 (acres of cropland) and that the residual 
errors (€) are normally and independently 
distributed around zero with constant vari- 
ance. The multiple-regression model with- 
out interactions is 

Y = Bo + BiX, + BoXe + BsX3 +E. 

The model states that the regression of y on 
any x; (i = 1, 2, 3) is linear with constant 
slope when the other variables x; (j ~ i) are 
kept constant and that the slope of the re- 
gression is the same for all levels of the other 
variables, i.e., there are no interactions. In- 
teraction terms were included in a prelimi- 
nary model, resulting in 2 of the 12 possible 
regression coefficients (4 in each of three 
farming-types ) being significantly different 
from zero. 

The proportion of the total sum of squares 
ascribable to the regression including inter- 
actions was 0.58, 0.77 and 0.34 in farming- 
types III, VII and X, respectively. In farm- 
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TABLE 2.—PERCENTAGE OF RESPONDENTS Having 
Speciric Crops 








Farming-type 


Crop lll VI 








X 
Corn 94 92 83 
Cotton 94 0 1 
Peanuts 4 0 0 
Small grains 2 33 9] 
Sorghum 17 7 ll 
Soybeans or beans 18 2 3 
Tobacco 0 91 58 
Truck or garden 72 36 15 





ing-types VII and X, there was a significant 
increase in the sum of squares (5 per cent 
level of significance) over the model with. 
out the interactions. In the latter model the 
proportions were 0.57, 0.70 and 0.29 fo 
farming-types III, VII and X, respectively, 
As the interaction model was not considered 
to be realistic and there was only a slight 
increase in these proportions, this paper will 
be concerned only with the multiple-regres. 
sion model without interactions. 

The model could be extended to include 
other variables such as the amount of edge 
or a reduction of any one variable to its con- 
ponent parts, e.g., the total cropland acreage 
(x1) could be separated into acreage of 
various types of crops. 

Anderson and Bancroft (1952) and Ostle 
(1956) present an extensive discussion of 
multiple-regression theory and its applica- 
tion in research. Ostle’s text is recom- 
mended to the biologist who wishes to in- 
crease his knowledge of regression theory. 

Tests of the hypotheses 8; = 0 (i = 1, 2,3) 
and B; = B; (i ~7) were conducted as sug- 
gested by Ostle (ibid.:218-219). 


FARMING-TYPE CHARACTERISTICS 


In order to translate the statistical result 
of this study into biological conclusions, it 
is necessary to study the land-use character 
istics of the farming-types. The figures that 
follow are estimates computed from the 
sample farms utilized in this study. 

Farming-types VII and X, which are the 
Northern Highland Rim and Central Basia, 
respectively, are somewhat similar in farm 
ing characteristics but are quite distinct from 
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TABLE 3.—REGRESSION COEFFICIENTS AND VARIANCES FOR SIMPLE LINEAR REGRESSIONS OF NUMBER 
oF CovEys ON INDIVIDUAL LAND-USE ACREAGES 
Farming-type 
Ill VII x 

Regression coefficients* 

b; X 10° (pasture ) 65.0°** °°" mere 

b. X 10® (woodland ) 70B°°* 41.67** 12.3°** 

bs X 10° (cropland ) 69.4°** a7” 24.5°** 
Estimated variance < 10° 

b; (pasture ) 43.1 16.3 46 

b. (woodland ) 195.6 29.2 11.1 

bs (cropland ) 151.2 78.0 13.3 
~ 1 e090 Significantly different from zero at the 0.5 per cent level. 


farming-type III which is in the Plateau 
Slope of West Tennessee (Fig. 1). The 
latter is characterized by a substantial per- 
centage of farms under 50 acres [estimated 
at 59 per cent as contrasted with 34 and 32 
per cent for farming-types VII and X, re- 
spectively (Table 1)]. A larger number of 
the farmers in farming-type III are negroes 
and share croppers than in the other two. 

As shown in Table 2 the crops are quite 
distinct in the three farming-types with those 
in VII and X being somewhat similar. Farm- 
ing-type III is characterized by cotton (50- 
60 per cent of all cropland, Luebke et al.., 
op. cit.) and VII and X by small grains and 
tobacco. 

Corn is grown on most farms in all three 
regions, but the greatest amount is grown 
in the Central Basin. Tobacco is an impor- 
tant cash crop in VII and X; but, as a result 
of acreage control and cultivation practices, 
the acreages are relatively small. 

The Central Basin is a livestock section 
and has the greatest density of beef cattle, 
hogs and sheep in Tennessee, averaging 14.6 
cattle and 5.9 sheep per respondent farm as 
contrasted with 6.2 and 7.7 cattle and 0.8 
and 0.7 sheep per respondent farm in farm- 
ing-types III and VII, respectively. Wood- 
land grazing is more pronounced in X than 
in III or VII with 84 per cent of the 242 re- 
spondents in X possessing woodland and 
cattle, and 90 per cent of the 52 respondents 
with sheep and woodland reporting wood- 
land grazing. 

Besides grazing characteristics, the wood- 
lands are distinct in other characteristics, 


most obvious of which is floristic composi- 
tion and density. The oaks (Quercus spp. ) 
can be considered the most common trees in 
all farming-types; however, the species of 
oaks do differ to some extent. Of the 151 
farmers possessing woodland in farming- 
type III, 65 per cent reported the oak as 
dominant, as did 78 per cent of 113 respond- 
ents in VII and 30 per cent of 263 respond- 
ents in X. Tulip (Liriodendron tulipifera ) 
and beech (Fagus grandifolia) appeared to 
be most abundant in farming-type VII with 
cedar (Juniperus virginiana), the most 
abundant tree in X, being dominant in 22 
per cent of the woodlands. Gum ( primarily 
sweet gum, Liquidambar styraciflua) and 
elm (Ulmus) were important constitu- 
ents of farming-type III woodlands. Hack- 
berry (Celtis), hickory (Carya) and locust 
(Robinia and Gleditsia) were important 
constituents of farming-type X woodlands, 
with hickory also being important in the 
other regions. 

Woodland burning was more common in 
III and X than in VII, with 36, 20 and 12 
per cent of the woodlands, respectively, be- 
ing burned within 5 years prior to farmer 
interview; most of the burning was during 
spring (March, April, May). Burning of 
cropland and fencerows was most common 
in farming-type III, with burning being con- 
ducted primarily during spring. In this 
farming-type, 17 and 31 per cent of the 
respondents reported burning cropland and 
fencerows either yearly or occasionally, re- 
spectively. Similar percentages were 9 and 
4, and 9 and 10 for farming-types VII and X, 
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respectively. Yearly or occasional pasture 
burning was reported by 30, 26 and 31 per 
cent of the respondents in III, VII and X, 
respectively. The major pasture burning 
in III and VII was done during spring, while 
in farming-type X it was done during winter 
(December, January, February ). Hay acre- 
age is greatest in the Central Basin, and the 
percentage of idle or fallow land is largest 
in farming-type VII (Luebke et al., ibid.). 
In contrast to the pastures of farming-types 
III and VII, those of X are relatively clean. 
Persons familiar with these areas in Tennes- 
see will realize that data on cleanness of 
pastures are not needed to arrive at this con- 
clusion as these differences are visually 
obvious. 


RESULTS AND DISCUSSION 


Estimates of the parameters, fj, in the 
statistical model were obtained by the meth- 
od of least squares. These estimates, b’;, and 
estimates of their variances and covariances 
are presented in Table 4. The regression 
coefficient, 8;, for land-use type x repre- 
sents the expected change in the number of 
coveys per acre change in x; when the other 
two land-use types are held fixed. As a 
result of this restriction, we say that the 
regression coefficient gives only a partial 
picture of the change in the number of 
coveys as x; changes, thus the term “partial 
regression coefficient.” By examining the 
magnitude of the various partial-regression 
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coefficients, we can arrive at Conclusions 
concerning the relative importance of the 
three land-use types as “determinants” ¢ 
population density provided that the yay; 
ates are independent. These comparison, 
are, of course, within the limits of our sam. 
pling variation and validity of our assump. 
tions. It is obvious that the statistical ye. 
sults are concerned with association and qy 
not imply causation. On the basis of (1) 
the statistical analysis and (2) familiarit 
with Tennessee farming practices and quai 
populations, an attempt has been made tp 
present a biological interpretation of the 
statistical results of this stage of the analysis 

It should be remarked that, if simple linea; 
regressions of covey number on each of the 
variates are computed, the computed re. 
gression coefficients are not necessarily 
equal to their corresponding partial-regres. 
sion coefficients in the fitted multiple 
regression equation. In order to interpret 
the results of using a multiple-regression 
model, it is wise to inspect the correspond. 
ing regression coefficients obtained from the 
simple linear model (Table 3). As the two 
sets differ radically, we can only conclude 
that the acreages of the various land-use 
types are correlated. The relatively large 
covariances (Table 4) also imply that the 
land-use acreages are correlated. Hence, if 
two fixed variates are highly correlated, it 
is unrealistic to consider the effect of one 
while the other is held constant (Andersor 


TABLE 4.—PARTIAL REGRESSION COEFFICIENTS, VARIANCES AND COVARIANCES FOR MULTIPLE-REGRESSION 
MODEL WITHOUT INTERACTIONS 








Farming-type 








Ill VII xX 

Partial regression coefficients’ 

b’: x 10° (pasture ) §6.9°°* 9.9* yy | 

b’2 x 10° (woodland ) 11.5 a13°** 6.8° 

b’s x 10° (cropland ) 8.6 15.0 23°" 
Estimated variance x 10° 

b’: (pasture ) 94.7 18.3 6.3 

b’. (woodland ) 182.7 24.8 11.1 

b’s (cropland ) 175.3 80.3 172 
Estimated covariance x 10° 

b’: and b’s -53.7 - 42 - 3.4 

b and b’s -—69.0 —25.5 - 48 

b’s and b’s -27.9 — 6.4 — 0.2 





1%, °° Significantly different from zero at the 5 and 0.5 per cent level, respectively. 
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and Bancroft, op. cit.); however, in practice 
we apply multiple-regression theory an“ 
interpret the results with caution. 

Let us first attempt a rational biological 
explanation of the results obtained from the 
application of the multiple-regression model 
and then modify, if necessary, these con- 
clusions on the basis of further inspection of 
the data. It will be shown that, as a result 
of lack of independence between the vari- 
ates, only limited biological conclusions can 
be formulated. 

In all farming-types except X, the con- 
tribution to quail density due to pasture was 
statistically significant (Table 4). If we 
recall (1) the characteristics of pasture in 
farming-type X and (2) the hay and fallow- 
land acreage considered in this paper as 
pasture, these results are not surprising. The 
contribution due to pasture in farming-type 
Ill is significantly greater than in farming- 
type VII (Table 4). This seems plausible as, 
in general, the patures of VII are “cleaner” 
than those in III. 

Only in farming-types VII and X was the 
contribution due to woodland significant, 
with the contribution in VII being signifi- 
cantly larger than in farming-type X (Table 
4). It is possible that these relationships 
may have resulted from differences in wood- 
land burning and grazing practices as well 
as other woodland differences. 

The role of cropland in the establishment 
of population density appears to be asso- 
ciated not only with the types of crops but 
with the characteristics of the pasture and 
woodland. Only in farming-type X was the 
contribution of cropland statistically sig- 
nificant (Table 4). It is possible that, in a 
low-population area such as X, the available 
food is the primary factor in the determina- 
tion of population density. The burning and 
grazing of woodlands and the relatively 
clean pastures may result in a shortage of 
food; as a result, grain crops, which char- 
acterize the crops of X, would contribute 
significantly to the quail population. On the 
other hand, this relatively high positive co- 
efficient may indicate that cropland is close 
to minimum supply. As the cropland of 
farming-type III is primarily cotton land, 
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it is not surprising that the contribution was 
not statistically significant. It is more diffi- 
cult to present an interpretation of the crop- 
land effect in farming-type VII. It might 
well be that the contributions of pasture 
and woodland, which were significantly 
higher than those in X, might obscure the 
relatively minor role of cropland in the 
establishment of population density. 

In regard to the relative contribution of 
pasture, woodland and cropland in any one 
farming-type, there is no constant relation- 
ship (Table 4). In farming-type III, only 
pasture had a significant contribution to 
population density. Both pasture and wood- 
land had a significant contribution in farm- 
ing-type VII, with that due to woodland 
being significantly larger. In farming-type 
X the greatest contribution was due to crop- 
land, which was significantly greater than 
that for woodland. 

Since the sampling areas varied in size, 
the number of coveys may be related to the 
size of an area rather than to its composition. 
This possible relationship was studied by 
fitting a regression of covey number on total 
size of sampling area. It was found that the 
regression reported above on individual 
amounts of pasture, woodland and cropland 
gave a significantly better fit in all three 
farming-types. This implies that our results 
cannot be explained simply as a relation 
between covey number and size of area. 
However, there was a significant linear re- 
lationship between number of coveys and 
total acreage in all three farming-types. The 
proportion of the total sum of squares as- 
cribable to the linear regression on total 
acreage was 0.50, 0.61 and 0.23 in farming- 
types III, VII and X, respectively. Utilizing 
the multiple-regression model, these pro- 
portions became 0.57, 0.70 and 0.29, respec- 
tively. These relatively small values imply 
that only 70 per cent or less of the variation 
in number of coveys in the three farming- 
types can be ascribed to linear effects of 
total acreage or the acreage in cropland, 
woodland or pasture. Although the multiple- 
regression model gave a statistically signifi- 
cant better fit than the regression on total 
acreage, the improvement was slight. 
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Hence, our biological conclusions are 
questionable at this stage in the analysis. 
The significant linear correlation of number 
of coveys to total acreage implies that, in 
future studies of this type, sampling areas 
should be of the same size; however, the cor- 
relations between land-use types will not 
be eliminated. In fact, one type will be a 
linear function of the others. 

The question now arises whether or not 
our conclusions are justified, i.e., whether 
or not the partial regression coefficients 
furnish information on the effect of crop- 
land, pasture and woodland on quail popu- 
lation density. The utility of the partial re- 
gression coefficients depends upon whether 
or not the independent variates, x;, are cor- 
related. Hald (1952) has remarked that on 
account of the linear “relationship” between 
the variates, x;, “. . . the observations only 
furnish us with information concerning a 
line in the regression plane, and consequent- 
ly it is impossible to determine an estimate of 
the regression plane. . . . The relative impor- 
tance of the coefficients of [the x;s] are, 
however, of no importance since in reality 
there is only one independent variable, 
wherefore the regression plane is unstable. 
. . . If it is not possible to choose the [x;] 
values at will, but they themselves repre- 
sent stochastic variables, it is important to 
have the correlation between [them] in 
mind, since . . . the relation between [the 
x;s] may be so pronounced that determina- 
tion of the regression plane becomes im- 
possible.” 

If the simple linear regression coefficients 
are significantly different from zero the cor- 
relation between the x;’s may result in none 
of the partial regression coefficients differ- 
ing significantly from zero. Hald ( ibid.) 
states, “. . . an evaluation of the importance 
of different factors as regards variations in y 
is impeded by the correlation between the 
regression coefficients, and it is further sub- 
ject to an uncertainty which cannot be ex- 
pressed statistically. This uncertainty is due 
to the fact that addition of one more (not 
observed ) variable may completely change 
the previous conclusions because the b’s are 
altered. It is therefore necessary to have 
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TABLE 5.—Propuct MOMENT CoRRELATION Co. 
EFFICIENTS FOR VARIOUS LAND-USE AcREacp 














COMBINATIONS 
Correlation ee 
Coefficients III VII x 
Pasture—woodland 0.59°° 0.40°* — 0.45% 
Pasture—cropland 0.66°° = 0.71°* Ogee 
Woodland-cropland 0.49°* —0.37°* 998 





1°, °° Significantly different from zero at the 5 and ] 
per cent level, respectively. 


so much professional knowledge about the 
subject that all important factors can be in. 
cluded in the investigation.” 

Obviously, if this information is available 
concerning factors affecting quail popuk. 
tions, there is little need to conduct a study 
unless we are interested in the magnitude 
of the effects. These remarks of Hald and 
those of Anderson and Bancroft (op. cit.) on 
the difficulty of interpreting the results of 
a multiple-regression analysis when the fixed 
variates are related to one another is exem. 
plified by this study of quail density. The 
product-moment correlation coefficients for 
all combinations of land-use classifications 
in the three farming-types were all signifi- 
cantly greater than zero (Table 5). Although 
the correlation coefficients are relatively 
small, the degree of linear association be- 
tween the variates is apparently of sufficient 
magnitude to preclude a reliable estimate of 
the magnitude of the effects of various land- 
use classifications; however, it is felt that 
relative comparisons can be made within a 
farming type. The fact that all of the linear 
regression coefficients are positive, and that 
the independent variables refer to areas may 
lead one to conclude that the results are 
trivial, implying simply that the larger the 
area, the more coveys. It is the fact that the 
coefficients differ which shows a differential 
effect of importance. 

It should be reiterated that the difficulties 
arising in the interpretation of the statistical 
analysis as a result of lack of independence 
in the fixed variates also occur when inter 
pretation of the data is by visual inspection. 
In fact, the variate observed to be correlated 
with our item of interest may in itself be of 
no biological significance but only correle- 








ted W 
facto! 


Th 
lation 
Tenn 
mean 
pape! 
sion | 
and a 
concl 

Are 
on th 
addit 
ture 
farm. 

A 
cove’ 
varia 
crop! 
regre 
diffe 
inclu 
The 
cuss 
but 1 
drav 
are | 

the 
com) 
The 
in il 
regr' 
out 
then 
cour 
anal 
inte 
T 
land 
tion 
bets 
role 
teris 
that 
basi 





ATION (Cp. 
ACREAGE 


——— 
‘pe 
a 
ee 

0.45% 
0.50% 


0),29° 


i, 
the 5 and | 


> 


: 


bout the 
an be in. 


available 
- popula. 
t a study 
agnitude 
Tald and 
). Cit.) on 
esults of 
the fixed 
is exem- 
ity. The 
ients for 
fications 
| signifi. 
\Ithough 
elatively 
tion be- 
ufficient 
imate of 
us land- 
‘elt that 
within a 
e linear 
ind that 
eas may 
ults are 
‘ger the 
that the 


erential 


Ficulties 
atistical 
ndence 
n inter- 
ection. 
related 
lf be of 


sorrela- 








Quai Densiry AND Farm Composition—Schultz and Brooks 


ted with some unknown causative factor or 


factors. 


SUMMARY 


The relationship of bobwhite quail popu- 
lation levels to farm composition in three 
Tennessee farming-types is studied by 
means of a multiple-regression model. The 
paper is primarily concerned with a discus- 
sion of problems encountered in sampling 
and analysis and secondarily with biological 
conclusions. 

Area sampling was utilized to collect data 
on the number of quail coveys per farm. In 
addition, the total acreage in cropland, pas- 
ture and woodland was obtained for each 
farm. 

A simple linear regression of number of 
coveys per area was fitted on each of the 
variates, acres of pasture, woodland and 
cropland per area. As all of the simple linear 
regression coefficients were significantly 
different from zero, the three variates were 
included in a multiple-regression model. 
The results of fitting this model were dis- 
cussed in an attempt to show that limited 
but rational biological conclusions could be 
drawn. It was shown that the three variates 
are correlated, thus limiting the results of 
the multiple-regression analysis to relative 
comparisons of the “effects” of the variates. 
The paper stresses difficulties encountered 
in interpreting the results of a multiple- 
regression analysis, as well as in separating 
out the effect of various factors that are 
themselves correlated. The difficulties en- 
countered are not restricted to statistical 
analyses but also are present when visually 
interpreting field data. 

The role of pasture, woodland and crop- 
land in the establishment of quail popula- 
tion density did not appear to be constant 
between farming-types. Their respective 
roles are determined apparently by charac- 
teristics of cropland, woodland and pasture 
that vary between farming-types. On the 
basis of the results of this study, unqualified 
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statements concerning the optimum com- 
bination of various land-use types for quail 
production are not justified. 
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Membership 


For the first time in the history of the Society, 
our combined member-subscriber total topped 
3,000. The exact number—3,204—was 229 above 
last year’s figure. The increase was one of the most 
substantial in recent years. The Membership Com- 
mittee, under the chairmanship of Lee Yeager, is 
deserving of high praise for this exceptional job. 

During 1957, 389 new (regular) members were 
added to the rolls, but 255 members on our 1956 
rolls failed to renew, so that the net increase in the 
class of regular members was 134. Life members 
increased from 31 to 66, 73 new subscribers were 
added, while 13 discontinued subscriptions—all of 
which amounted to a net growth of 60. The sub- 
scriber count for 1957 was 501, as compared with 
441 at the end of 1956. New enrollments for 1958 
are being received at a satisfactory rate, with 186 
having been added to February 1. 


TaBLeE 1.—WhrupuirE Society MEMBERSHIP 1952-57 


THE WILDLIFE SOCIETY 


REPORT OF THE EXECUTIVE SECRETARY FOR THE YEAR 1957-58 


Proselyting “perfessors” were out in front in this 
years membership campaign. With the energetic 
assistance of associates, several have sponsored 10 
or more new members. Douglas Gilbert and Do, 
Progulske head the list with 14 each, followed }y 
Fred Barkalow and Lee Kuhn, each with 13, Pag. 
President Durward Allen has signed 12 recryi; 
Harry Lumsden is “runnin’ scared” for ’58, having 
signed 11 for the current year. 

Status of membership for the years 1952-57 , 
shown in Table 1. 

The death of the following members is reported 
with regret: Lee W. Arnold, Thomas M. Beadle 
Logan J. Bennett, Hiram B. D. Blauvelt, Philip 0, 
Dickinson, Eleanor J. Leland, William Rowan, anj 
James C. Savage. 


Publications and Editorial Affairs 


WILDLIFE MonoGRAPHS, a new publication of the 
Society, was launched this year. The first contriby. 


























Class of Enrollments at End of Calendar Year 
Membership 1952 1953 1954 1955 1956 1957 
Honorary ll 13 15 17 18 18 
Life 10 10 17 27 31 66 
Regular 1,919 2,140 2,346 2,503 2,485 2,619 
Subscribers 388 377 406 429 441 501 
Total 2,328 2,540 2,784 2,976 2,975 3,204 
TABLE 2.—FINANCIAL REPORT 
ASSETS 
Cash 
Checking account (Kent County Bank) . $14,022.92 
Savings account No. 10282 (Bank of Silver Spring) 7,444.59 
Savings account No. 15147 (Bank of Silver Spring) 1,006.25 
Permanent fund (Emigrant Industrial Savings Bank) 8,191.49 
Permanent fund (Perpetual Bldg. Ass’n., S.S., Md.) 6,862.61 $37,527.86 
Securities 
44 shares State Street Investment Corp. 1,353.00 
31 shares Loomis-Sayles Mutual Fund, Inc. 1,240.31 
U.S. Government Bonds Series G, 12-yr. Bonds 
Serial No. Par Date of Purchase 
D-2576621G $500.00 April, 1947 491.00 
D-2576622G $500.00 April, 1947 491.00 
D-2943626G $500.00 Sept., 1948 486.50 
D-2943627G $500.00 Sept., 1948 486.50 4,548.31 
Total assets sathaaineeeesrcusiattndadbeaetanneseenaresaten 42,076.17 
LIABILITIES 
Liabilities = None ; 
DE INE icsinsscsicctesnccnicinas caiman ics ce anenaic natin ati ogee mace 42,076.17 
Total liabilities and net worth cialis asta $42,076.17 











1 Excludes back issues, reprints of symposia and indexes, of indefinite value. 
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TABLE 3.—STATEMENT OF RECEIPTS AND DisBURSEMENTS 
gesk balance February 25, 1907 $29,978.42 
Receipts (deposited to checking account) 
Dues $16,647.68 
Subscriptions 3,228.00 
Sales 
Back issues, single issues, JouRNAL 1,086.00 
Animal-cycle symposium > 175.25 
Farm-pond symposium -._.... eh 102.00 
Ten-year index 98.00 
Special articles, JouRNAL 
Paid article, Agric. Exp. Sta. Univ. of Del. 219.00 
Paid article, Utah State Agric. College 253.19 
Other 32.06 $21,841.18 
Receipts (deposited to savings account) 
NNN IIE NUN ncn ewetinemnnsnes eaaanaaiion 853.26 
Life membership dues 1,450.00 
R. W. Eschmeyer Memorial Fund 1,000.00 3,303.26 25,144.44 
55,122.86 
Disbursements 
Publications 
A IN rere atest sates ce oedema eee 10,720.00 
NE I iss sceptics beset eaemeamamee 389.00 
Other publications and reprints - se 249.53 
Maintenance of stencils, postage, and <nailing of publications 1,355.32 12,713.85 
Editor’s expenses (JOURNAL) 
Miscellaneous (postage, stationery, etc.) — 324.02 
Editorial assistance 1,136.50 1,460.52 
Executive Secretary 
re A oo asrm ic encoo vaca raid sesueriboneituccumnned 1,000.00 
Honorarium B oe ere 700.00 
Travel and meeting expense 59.92 1,759.92 
General supplies, printing and communications, inc. ballots, dues notices 1,182.18 
Meeting expense (awards, delegates, employment desk) -----......------------ 83.13 
Miscellaneous 
Affiliation dues (1I.U.C.N.R.; Nat. Res. Council) 100.00 
Refunds, bad checks, bank charges 126.40 
Binding JouRNALS (complete set) - 103.50 
Safety deposit box rental ; pest = 5.50 
Audit accounts 1956-57 and 1957-58 ——____EE_EEEEE 60.00 1,660.71 17,595.00 
Desk: Balance: Teleunss 14, TOGO? qe ee 





1Books closed February 14, 1958 to permit auditing before annual meeting. 


tion to the new series, “Field-Feeding by Water- 
fowl in Southwestern Manitoba,” by Eugene F. 
Bossenmaier and William H. Marshall, is scheduled 
for distribution in March of this year. For financial 
assistance in getting out the first issue of the 
Monocrapu series, the Society is indebted to the 
Wildlife Management Institute, the Welder Wild- 
life Foundation, and the University of Minnesota. 
Initial editing has been completed on WILDLIFE 
Monocrapu No. 2, “Biology of the Great Plains 
Muskrat in Nebraska,” by J. Henry Sather. It is 
due for publication in a few months. A third 
Monocrapx for which sponsorship is assured also 
is under consideration for release this year. As with 
any new publishing venture, WILDLIFE Mowno- 


GRAPHS involved great effort aside from the usual 
editorial responsibilities. Werner O. Nagel, Editor 
of the new series, gave unselfishly of his time in 
getting the program soundly underway. 

Joseph J. Hickey continued to serve the Society 
as Editor of the JournNAL oF WILDLIFE MANAGE- 
MENT. He was assisted in this substantial job by a 
16-man board of Associate Editors representing vari- 
ous fields of specialty. Thomas R. Evans continued 
in his capacity as Editor of WipLiFE Society 
News. During the year, the editorial staff of the 
JOURNAL received 122 manuscripts and published 
84. Due to the small backlog of papers, major 
articles are appearing in print 5 to 7 months after 
submittal to the Editor. The marked decline, during 
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recent years, in the number of meritorious articles 
being offered to the JouRNAL presents a problem of 
growing concern to the editorial staff. The content 
of the JouRNAL has been markedly increased during 
the past few years. A page count for the last five 
volumes shows a 10 per cent increase over the 
previous five volumes. Likewise, the word content 
per page of current JouRNALS is 37 per cent above 
that of 10 years ago, due to enlargement of the 
type bed. Financial assistance, rendered the 
JourNAL by the Delaware Agricultural Experiment 
Station, the Department of Wildlife Management of 
Utah State University, and the Sport Fishing Insti- 
tute, is greatly appreciated. 


Election of Officers 1958-59 


The Nominating Committee under E. L. Cheatum 
nominated Charles A. Dambach and John S. Gotts- 
chalk for President, and Oliver H. Hewitt and Henry 
S. Mosby for Vice-President. The first named were 
successful candidates. 

Nominees for Regional Representatives were as 
follows, the first named being the successful candi- 
date: Region 1, Roger Latham and W. R. De- 
Garmo; Region 2, E. B. Chamberlain and Don H. 
Strode; Region 3, W. T. Crawford and Jack H. 
Berryman; Region 4, Lee E. Yeager and Ralph Hill; 
Region 5, E. A. Walker and F. M. Baumgartner; 
Region 6, Raymond F. Dasmann and Charles F. 
Yocom; Region 7, D. A. Munro and R. Y. Edwards. 

Daniel L. Leedy, who served the Society out- 
standingly as Executive Secretary since 1953, was 
obliged to retire this year in deference to duties 
connected with his new position in the U.S. Fish 
and Wildlife Service. He was succeeded by J. P. 
Linduska. 
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Affiliations and Representation at Meetings 


The Society continued its affiliation with th 
International Union for Conservation of Nature sal 
Natural Resources, the Natural Resources Council 
of America, the International Science Foundation 
and the American Association for the Advancemen, 
of Science. Fred H. Dale continued as Society 
representative to the National Research Coungj. 
Leonard E. Foote was representative to the Fourth 
National Watershed Congress at Atlanta, (,. 
William L. Webb served as Society delegate 
the Third Congress of the International Union of 
Game Biologists at Aarhus, Denmark; and Lee 
Talbot was the representative to the Natural Re. 
sources Council of America at its Wisconsin Meeting 
J. P. Linduska represented the Society on the Water. 
fowl Advisory Committee of the Fish and Wildlife 
Service. 


Society Sections 


All Sections continued to be active during the 
year, and meetings and conferences, as well ys 
activities of members, have been reported in Wup. 
LIFE Society News. Current officers of the Sec. 
tions were listed in the October issue of the Journat 
OF WILDLIFE MANAGEMENT. 


Financial Report 


Society books were closed on February 14 and 
audited on the same date. A detailed accounting 
of receipts and disbursements for the year, to- 
gether with a statement of total assets and liabilities, 
is given in Tables 2 and 3. The auditor’s report was 
turned over to the Society’s Trustees.—Respectfull 
submitted, J. P. Linpuska, Executive Secretary. 


Minutes OF THE WILDLIFE Society Counci, MEETING, Marcu 2, 1958 
> > 


The Council met March 2, 1958, in the Sheraton- 
Jefferson Hotel, St. Louis, Missouri. The meeting 
was called to order at 7:30 p.m. by President A. 
Starker Leopold. Other members present included 
D. L. Allen, Past-President, and representatives of 
Regions 1 through 7, respectively, as follows: Roger 
Latham, E. B. Chamberlain, Bill T. Crawford, Lee 
E. Yeager, F. M. Baumgartner, C. F. Yocom, and 
R. Y. Edwards. Also in attendance were Charles A. 
Dambach, President-Elect, and Oliver H. Hewitt, 
Vice-President-Elect. Present as advisers were 
Editors Thomas R. Evans, Joseph J. Hickey, and 
Werner O. Nagel, and Louis A. Krumholz, Henry 
S. Mosby, Daniel L. Leedy, and the Executive 
Secretary. 

As the first item of business, President Leopold 
called for a review of the Society publications. 
JournaL Editor Hickey commented on problems in 
the past year having to do with the limited number 
of manuscripts offered to the JourNAL for publica- 
tion. He indicated that the problem appeared now 
to be less acute, and papers were being received at 


a satisfactory rate. Hickey and past Editor Hewitt 
told of modifications which have been made in 
the make-up of the JourNAL over the past few 
years. These changes include the use of thinner 
paper stock and widening of the type bed so that, 
while by appearances the JouRNAL is smaller than 
formerly, the total content actually has been in- 
creased appreciably. 

The first issue of WILDLIFE MONOGRAPHS Wa 
presented at the Council meeting. President Leo 
pold commended Werner Nagel for the excellence 
of his work in seeing the first number completed 
and commented on the “growing pains” involve 
in getting the new series underway. Werner Nage! 
and Louis Krumholz, his successor as Editor o 
WILpLirE Monocrapus, led a discussion of ways 
of expediting future handling of the new series 
which will appear irregularly as suitable papers and 
funds are available. The Executive Secretary was 
authorized to purchase for resale an over-run 0 
each MonocraPH and, with the Editor, to establish 
a unit price. 
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THE WILDLIFE Society Councit MEETING, 1958 


Tom Evans reviewed the affairs of WiILDLIFE 

society NEWS; the Council expressed complete 
satisfaction with this publication and recommended 
continuance in its present form. 
Progress on the second 10-year index of the 
JouRNAL was reviewed and, since it is due to appear 
this year, a motion was made, seconded, and passed 
manimously that $1,500 budgeted for the purpose 
be approved and further that the Executive Secre- 
tary be authorized to draw on contingency or other 
funds to defray the cost as required. 

The need for promotional literature was the sub- 
ject of considerable discussion, with those active 
in membership work expressing a strong interest 
in seeing a brochure developed. It was moved by 
Yocom, seconded by Yeager, that the Society pro- 
duce a brochure. The motion passed unanimously. 

Henry Mosby reported that the techniques manual 
was now 70 per cent completed and should reach 
final stages by June. The Council approved a 
budget item in the amount of $400 to complete a 
first draft, processed in a form suitable for review 
before final printing. 

On a motion by Baumgartner, the Council voted 
unanimously to extend our affiliation with other 
organizations to include the International Com- 
mittee for Bird Preservation at an annual cost of $50. 

Latham moved that the Society budget (Table 1) 
for the coming year in the amount of $22,200 be 
approved. The motion was seconded by Yocom and 
carried unanimously. This amount being $800 over 
the budget offered by the Executive Secretary, the 


TaBLE 1.—BupGET For 1958-59 








Publications 


JouRNAL, printing $11,200.00 
News, printing 550.00 
Second 10-year index, printing 1,500.00 
Maintenance of stencils, postage, mailing of 
publications, storage, etc. 1,800.00 
Monocrapus, purchase for resale 300.00 
Brochure for membership contacts 400.00 
Complete prelim. processing techniques 
manual 400.00 
Editorial Expenses 
JouRNAL 
Miscellaneous—supplies, postage, etc. 400.00 
Editorial assistance 1,200.00 
MoNOGRAPHS 
Miscellaneous—postage, communications 100.00 
Executive Secretary 
Clerical assistance 1,000.00 
Honorarium 700.00 
Travel and meeting expense 200.00 


General supplies, printing and communications, 


postage, mailing of ballots, dues notices, ete. - 1,400.00 
Meeting expenses (delegates, awards, 

employment desk) Uae 150.00 
Miscellaneous charges (audit, refunds, and 

bad checks ) 150.00 
Affiliations 150.00 
Contingency fund 600.00 

Total $22,200.00 
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Executive Secretary was authorized to draw on 
savings, if necessary, to cover costs of nonrecurring 
items, such as the Society brochure, 10-year index, 
and the techniques manual. 

The Council acknowledged the meritorious past 
performance of Daniel L. Leedy as Executive Secre- 
tary. In recognition of his outstanding services to 
the Society, it was moved by Allen, seconded by 
Yeager, that he be installed as a Life Member. The 
motion passed unanimously. 

Candidates were considered for Honorary Mem- 
bership, with the name of Albert M. Day having 
been recommended for such recognition. A motion 
to install Mr. Day as an Honorary Member passed 
unanimously. The Council recommended that the 
incoming President appoint a committee to review 
other candidates deserving of such recognition and 
present recommendations to the Council. 

A motion by Baumgartner, seconded by Yocom, 
to name Daniel L. Leedy as a Society Trustee to 
fill the vacancy created by the expiration of term 
of E. H. Graham was passed without a dissenting 
vote. 

The Executive Secretary was retained in office 
following an appropriate motion by Hewitt, sec- 
onded by Crawford, and passed by the Council. 
Through similar action, Joseph J. Hickey was con- 
tinued as Editor of the JourNAaL and Thomas R. 
Evans as Editor of the News. The recent appoint- 
ment of Louis A. Krumholz to succeed Werner O. 
Nagel as Editor of WimLpLIFE MONOGRAPHS was re- 
confirmed by Council action. 

Starker Leopold reviewed problems resulting 
from the custom of an annual change in the office 
of the President and pointed up the desirability of 
providing continuity in that office through extend- 
ing the term of office or through other appropriate 
means. He also commented on the awkward and 
burdensome procedure now followed in the nom- 
ination of officers. Discussion followed and sug- 
gestions were offered. It was agreed that the 
President should appoint a committee on bylaws 
revision to study the problem further. 

Following the requirement of Section 2, Article 9 
of the Society bylaws, the bylaws of the Northeast 
Section of the Society were accepted upon a motion 
by Latham, seconded by Yocom. Bylaws for the 
Southeast Section were approved by the Council 
acting on a motion by Chamberlain, seconded by 
Crawford. 

Four resolutions offered by the Resolutions Com- 
mittee were endorsed in principle by the Council. 
As required in the bylaws, these were read in full 
and considered at the annual meeting of the Society. 

Under the agenda item of other business, the 
Council recommended to the incoming President 
that an effort be made to provide for continuity of 
purpose and thinking on the Awards Committee. 

The Council meeting was adjourned at 12:30 
A.M. of March 3, by President A. Starker Leopold. 
—Respectfully submitted, J. P. Lrypuskxa, Ex- 
ecutive Secretary. 
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MINUTES OF THE ANNUAL Business MEETING, Marcu 3, 1958 


The Twenty-second Annual Business Meeting of 
The Wildlife Society was held March 3, 1958 in the 
Ivory Room of the Sheraton-Jefferson Hotel, St. 
Louis, Missouri. More than 200 members as- 
sembled to make this one of the best-attended 
sessions to date. The meeting followed the Society's 
annual dinner, which likewise had a record attend- 
ance of well over 100 members and friends. A 
feature of the annual dinner was the presentation of 
the Society’s Publication and Conservation Educa- 
tion Awards. 

President A. Starker Leopold called the meeting 
to order shortly after 8 p.m. The order of business 
was as prescribed by Section 2, Article 8 of the 
Society’s bylaws. Minutes of the last annual meet- 
ing were approved as published in the JouRNAL OF 
WILDLIFE MANAGEMENT, 21(3):359-360. 

The Executive Secretary reported briefly on note- 
worthy developments during the year and referred 
the membership to a processed report available in 
the meeting room for details on financial status, 
membership records, and other particulars of So- 
ciety affairs. There being no comments or ques- 
tions, the Executive Secretary then read the minutes 
of the Council meeting held the previous night. 

President Leopold remarked on the work of ap- 
pointive officers in the Society, acknowledged the 
substantial workload each is carrying, and extended 
his compliments on the job done. He then reviewed 
the history of the new publication, WmDLIFE Mono- 
GRAPHS, stating its purpose, means of financing, and 
advantages to authors and the Society. “We foresee 
a bright future for this new publication,” stated 
President Leopold. “The publication of Number 1 
in the series has just been announced, Number 2 
is in press, and prospects are bright for the sponsor- 
ship of two additional MoNnocRrapPss.” 

Remarking on the advantages in having continuity 
in the office of the President, Leopold then outlined 
at some length the current procedures and customs, 
which include no plan for continuity of office. The 
present burdensome system for nomination of offi- 
cers was also explained. “We have recommended 
to the President-Elect,” stated Starker Leopold, 
“that he appoint a committee on bylaws revision to 
seek ways of overcoming present shortcomings in 
elective procedures.” 

Items of business approved by the Council and 
requiring endorsement by the annual meeting of 
members were then brought before the house. On 
a motion by Earle O. Frye, Jr., seconded by Thomas 
R. Evans, the membership voted unanimously to 
install Albert M. Day as an Honorary Member. 

Reports of committees followed, with Charles H. 
Callison, Chairman of the Resolutions Committee, 
presenting and moving the adoption of four resolu- 
tions previously approved by the Council. These 
were for the purpose of: (1) urging responsible 
government officials to advance all branches of sci- 
ence concurrently without imbalance in favor of the 





physical sciences; (2) extending the compliments 
of the Society to the Department of the Interior and 
individuals directly concerned with Witouirg Rp. 
view for continuing to provide the profession with 
this excellent bibliographic aid; and (3) extending 
grateful appreciation to the Wildlife Management 
Institute, the Conference Program Committee, and 
the Hotel Sheraton-Jefferson for co-operation 
courtesies, and facilities during the course of the 
present annual meeting. 

A fourth resolution noted (a) that the special 
report of the Committee on Job Standards, pub. 
lished in the JouRNAL OF WILDLIFE MANAGEMENT 
21:376-377, shows that the status of fishery and 
wildlife biologists and managers does not compare 
favorably with workers in comparable fields, even 
those with lesser academic training and skill, and 
(b) that current efforts are being made to promote, 
elevate, and upgrade the physical scienecs in com. 
plete disregard of the biological sciences, to the 
detriment of wildlife programs and the wildlife 
profession as a whole. It recommended (a) that 
The Wildlife Society take the lead in stimulating 
greater public interest in the imperative need of 
maintaining an equality and equilibrium between 
the basic sciences, and in the fundamental necessity 
of having adequate and proportionate shares of 
professional wildlife biologists in appropriate tech- 
nical and administrative positions; and (b) that the 
President of The Wildlife Society arrange a con- 
ference with officers of the National Wildlife Fed- 
eration, Izaak Walton League of America, Wildlife 
Management Institute, Sport Fishing Institute, In- 
ternational Association of Game, Fish and Conserva- 
tion Commissioners, and other appropriate organiza- 
tions for the purpose of devising a joint plan of 
action for the attainment of these aims and objec- 
tives. The resolution was passed in principle and 
contingent upon such redrafting of the text as would 
be required to insure preserving our tax-exempt 
status. 

The house then heard abstracted reports from 
other Committee Chairmen as follows: Employ- 
ment—Earle Frye; Job Standards—Tom Baskett; 
Membership—Lee Yeager; 10-Year Index—Allen 
Stokes; and Techniques Manual—Henry Mosby. 
Oral reports of Regional Representatives were set 
aside in favor of publishing these in Wupuire 
Society News. 

Under the agenda item of new business, Fred 
Greeley told of the committee organized to lend 
assistance to Hungarian ornithologists. He told of 
the pressing need for clothing, books, and other 
items, and urged fellow workers in this country to 
lend a hand. The appeal will be followed with a 
note in the News, including a mailing address. 

There being no other new business, the meeting 
was adjourned by President Leopold at 10:30 P.M. 
—Respectfully submitted, J. P. Linpuska, Execu- 
tive Secretary. 
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ANNUAL Reports OF WILDLIFE SOCIETY COMMITTEES! 


The Aldo Leopold Award 


The committee to select the 1958 recipient of 
this medal (figured in the JouRNAL, 21:361) con- 
jsted of Arnold L. Nelson (Chairman), Arnold O. 
Haugen, Arthur S. Hawkins, Levi L. Mohler, and 
Lyle K. Sowls. The presentation was made for The 
Wildlife Society by President A. Starker Leopold 
at the 23rd annual banquet of the North American 
Wildlife Conference. His remarks on this occasion 
follow: 

“Beginning in 1950, The Wildlife Society has 
glected each year one man in the wildlife pro- 
fession to receive the Society’s highest award, the 
Aldo Leopold medal, named in honor of my late 
father. On the medal appear the words, ‘For serv- 
ice to wildlife conservation.’ Distinguished service 
may take many forms. Among the former recipients 
have been some of our ablest administrators, pro- 
moters of conservation legislation. and leaders of 
conservation organizations. This year the award is 
made to a man whose distinguished service has been 
largely in the field of wildlife research. This choice 
of the Awards Committee I find deeply gratifying, 
not only because the recipient so richly deserves the 
award, but because the choice recognizes by impli- 
cation the importance of research in advancing the 
whole field of wildlife conservation. 

“Few people have respected critical research more 
than the man we are honoring tonight. Over a 
period of 40 years he has contributed substantially 
to our basic knowledge of wildlife ecology, and he 
has strived throughout his life to promote and to 
advance the fact-finding activities of others. Start- 
ing as he did at the bottom of the ladder in govern- 
ment service, without benefit of formal training in 
biology, he advanced in his profession on a do-it- 
yourself basis until, at the time of his recent retire- 
ment, he had reached a position of prominence 
among the best wildlife investigators of this con- 
tinent. Some of his contributions to our knowledge 
of wildlife, particularly of farm game and migratory 
waterfowl, stand as classics of investigative effort. 

“The recipient of our award is distinguished in 
other ways than just research. He is an artist of 
considerable renown. He fathered the idea of wild- 
life postage stamps to impress upon the public the 
importance of our wildlife resources. The recent 
fruition of this idea is familiar to you all. He is a 
skilled orator and diplomat, and has been called 
upon to represent the United States government in 
a number of international conferences on conserva- 
tion. Further recognition of his skill in analysis of 
conservation issues and in lucid presentation of his 
ideas is evidenced by the fact that he has been 
chosen to summarize this Twenty-third North Amer- 
ican Wildlife Conference. 


— 


‘Some of these have been abridged; the complete 
reports are filed with the Executive Secretary. 


“I hereby present the Aldo Leopold medal to 
Edwin R. Kalmbach, former director of the Wildlife 
Research Laboratory of the U.S. Fish and Wildlife 
Service in Denver.” 





E. R. Kalmbach, recipient of the 
Autpo LEorotp Awarp in 1958 
(U.S. Fish and Wildlife Service photo) 


Conservation Education 


The Committee, after a review of the nominations, 
recommends David A. Arnold and Oscar Warbach 
as author and illustrator, respectively, of the booklet, 
Red Foxes of Michigan, published in 1956 by the 
Michigan Department of Conservation. These men 
have done an excellent job in presenting facts of 
the life history of this species, based on detailed 
field studies, intermingled with a critical denounce- 
ment of some fallacious thinking about this wily 
hunter. We realize that this effort was not a “one- 
man job,” but that several other technicians of the 
Michigan Department of Conservation assisted to 
a greater and lesser extent in the preparation of 
the booklet. 

For honorable mention the Committee recom- 
mends Hugh R. McCrimmon for his illuminating 
booklet Fishing in Lake Simcoe, published in 1956 
by ine Ontario Department of Lands and Forests. 








298 


—Respectfully submitted, Jack C. CuLBREATH, 
CarLTON M. HERMAN, BETH RHODENBAUGH, 
Joseru J. SHomon, and ANTOON DE Vos, Chairman. 


Fisheries Publication Award 


The award for 1957 goes to R. Weldon Larimore 
for his detailed study, The Ecological Life History 
of the Warmouth (Centrarchidae), Bulletin of the 
Illinois Natural History Survey, 27(1):1-83. This 
paper is a fine example of modern life-history work, 
and may well stand as a model for this approach. 
The author's awareness of modern approaches 
should be highly commended, and his application 
of these methods to a particular problem is extreme- 
ly well done.—Respectfully submitted, KENNETH D. 
CARLANDER, W. Harry EVERHART, MERLE A. GEE, 
WiiuiaM E. Ricker, and Boyp W. WALKER, Chair- 
man. 





Wildlife Publications 


The Committee chose unanimously to present the 
1957 award for the outstanding wildlife publication 
jointly to G. A. Ammann for his report on The 
Prairie Grouse of Michigan, published by the Game 
Division of the Michigan Conservation Department; 
and to F. N. Hamerstrom, Jr., Oswald E. Mattson, 
and Frances Hamerstrom for their work on A Guide 
to Prairie Chicken Management, published by the 
Game Management Division of the Wisconsin Con- 
servation Department. 

The Michigan prairie grouse studies have been 
continuous from 1928 to 1958, except for three 
years during the war period. Such continuity creates 
the perspective necessary to analyze population and 
habitat change. This investigation was characterized 
by detailed historical background and by thorough- 
ness of pertinent life-history and habitat studies. 
The published report is attractively presented, and 
the clarity of the text, charts, and tables makes it 
a valuable reference for administrator, researcher, 
or layman. Although both prairie chickens and 
sharp-tailed grouse are included, “the main empha- 
sis in this publication is on sharp-tailed grouse” 
(p. 10). 

Wisconsin recognized the need for fact finding 
as a first step in the conservation of its prairie 
chicken as early as 1928. These investigations have 
continued, with few gaps, until the present. The 
results of all phases of these studies have not been 
published under a single title. Some have appeared 
in various scientific journals. A summation of these 
studies as they bear on the action program, which 
follows research, has just been published as a man- 
agement plan for prairie chicken. The excellence of 
this publication lies in going beyond where most 
investigations stop, namely by not only stating what 
must be done, through the singling out of limiting 
factors, but showing where and how as well. A 
perusal of the literature in the field of wildlife man- 
agement will attest to the rarity of such management 
plans and to the high quality of this one in par- 
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ticular—Respectfully submitted, O. H. 
D. H. Pmnorrt, R. L. Rauscu, W. L. Ro 
and R. A. McCase, Chairman. 


Job Standards 


The Job Standards Committee concerned itself 
with this question: whether the source of highly 
trained man power that is available in recent Te. 
cipients of Ph.D. degrees is really being utilize 
in the wildlife field. 

Past reports of the Employment Committee fur. 
nished some of the desired information, but 
obtain more details we sent questionnaires to schools 
offering the Ph.D. in fields at least closely related 
to wildlife and fisheries management; the question. 
naire was designed to cover current employ. 
ment of Ph.D recipients of the last five years, The 
study was restricted to men who had shown a req] 
interest in management, either through the nature 
of the thesis problem, through courses taken, o; 
jobs held prior to graduation. Information was 
received on 171 recipients of the Ph.D. degree, 95 
in wildlife and 76 in fisheries. Their current em. 
ployment status is summarized in Table 1. 


Hewmn, 
BIN ETTE, 


TaBLeE 1.—EMPLOYMENT Status OF 171 Px). 
GrapbuaTeEs, 1952-57 








Employing Agencies 


or Institutions Wildlife Fisheries Total 





COLLEGES AND 
UNIVERSITIES 
Teaching at least one 
wildlife or fisheries 
course 47 30 
Teaching no wildlife or 
fisheries courses 12 
Extension 4 
Duties not reported 4 
Totals 67 
FEDERAL OR DOMINION 
CONSERVATION AGENCIES 
Research 
Management 
Administration 
Totals 
STATE OR PROVINCIAL 
CONSERVATION AGENCIES 
Research 
Management 
Information—education 
Administration 
Totals 1 
OTHER 
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The table shows that 64 per cent of the PhD. 
recipients reported on now hold college or ui- 
versity positions, and that most of these men are 
still closely connected with wildlife or fisheries 
work. About two-thirds of the group employed by 
colleges and universities were reported to be still 
active in research. Those in the sizable minority 
who neither teach fisheries nor wildlife courses, not 
are active in research, by no means represent a loss 
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TaBLE 1.—DIsTRIBUTION OF STUDENTS ENROLLED IN FISHERIES AND WILDLIFE CurRICULA, 1957-58 














Name of Institution Below Senior Senior M.S. Ph.D. Totals 
Alabama Polytech. Inst. 8 1 2 2 13 
Alaska, Univ. 14 4 2 oo 20 
Arizona, Univ. 34 11 4 —_ 49 
British Columbia, Univ. — 10 24 16 50 
California, Univ. 12 7 4 _ 10 33 
Colorado State Univ. 115 29 10 — 154 
Connecticut, Univ. 4 6 1 1l 
Cornell Univ. 39 15 1l 21 86 
Florida, Univ. 1 3 — 1 5 
Florida State Univ. 1 2 ans — 3 
Georgia, Univ. 26 7 3 5 41 
Humboldt St. College (Calif. ) 135 60 7 ine 202 
Idaho, Univ. 14 9 11 — 34 
Illinois, Univ. 7 5 2 2 7 
lowa State College 29 5 10 6 50 
Kansas State Teachers College = 5 — = 5 
Kansas, Univ. _ 8 14 22 
Kansas State College 7 > 3 -- 15 
Louisiana State Univ. — — 2 ae 9 
Maine, Univ. 51 11 8 = 70 
Massachusetts, Univ. 33 4 6 — 43 
Miami, Univ. ( Fla.) 49! — 25 — 74 
Michigan State Univ. 108 20 15 8 151 
Michigan, Univ. 27 13 13 13 66 
Minnesota, Univ. 59 14 3 4 80 
Missouri, Univ. 71 12 10 3 96 
Montana State College 38 7 9 1 55 
Montana State Univ. 43 12 6 ra 61 
New Hampshire, Univ. 12 8 — — 20 
North Carolina State College 34 8 Ss 1 51 
Ohio State University 20 15 8 4 47 
Ontario Agricultural College 7 2 4 a 13 
Oregon State College 150 39 20 2 211 
Pennsylvania State Univ. —- -- 7 3 10 
Purdue Univ. 2 3 2 1 8 
Rhode Island, Univ. 3 1 6 — 10 
Southern Illinois Univ. 5 6 14 — 25 
Syracuse Univ. — — 3 3 6 
Texas A. & M. College 48 22 2 4 76 
Texas, Univ. -—- — 2 2 4 
Utah State Univ. 123 16 20 9 168 
Virginia Polytech. Inst. — — 5 4 9 
Washington, Univ., Sch. of Fisheries 55 1 15 14 105 
Washington, State College 16 1 8 1 36 
Wisconsin, Univ. 5 4 15 24 
Wyoming, Univ. 20 5 2 — 27 

Totals (46 schools) 1,420 439 330 169 2,358 





‘Includes seniors. 


to our field. Many of these people are bringing a 
knowledge and appreciation of conservation prob- 
lems to biology majors in small colleges who would 
otherwise be exposed only to a premedical approach. 
About 15 per cent of the Ph.D.’s are now em- 
ployed by federal and Dominion agencies, the num- 
bers being higher among fisheries than among wild- 
life graduates. The large federal and Dominion 
wildlife agencies (U.S. Fish and Wildlife Service, 
Fisheries Research Board of Canada, Canadian 
Wildlife Service ) employed most of these men, but 
a few of them were also hired by the other federal 
agencies, 





Eleven per cent of the Ph.D. recipients were hired 
by state or provincial agencies. No relationship 
between the size of the employing agency or its 
geographic location and the hiring of Ph.D.’s could 
be determined. 

Nine per cent of the Ph.D.’s were not employed 
by schools, or by federal, state, or provincial agen- 
cies; they are following a variety of professional 
pursuits. Three are with foreign governments (New 
Zealand, Pakistan, and Egypt). Two are employed 
by museums, and four have industrial research posi- 
tions. The last group may represent a hopeful 
beginning. 
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It is not surprising that the majority of recent 
Ph.D.’s are finding employment with colleges and 
universities. Important inducements include salary 
and security of position. Whether this constitutes 
the best utilization of the man power is a point 
upon which even the Committee members do not 
agree. 

Although the hiring of a few Ph.D.’s by federal, 
Dominion, state, and provincial agencies is an 
encouraging sign, the total numbers so placed are 
still small. Manifestly, an inexperienced Ph.D. is 
neither necessarily nor immediately qualified for 
a position of leadership, even in research. How- 
ever, the majority of members of the Committee 
feel that increased incentives for Ph.D.’s to enter 
these services should result in improved research 
and research supervision. The provision of such 
incentives might also precipitate long-overdue salary 
readjustments for competent personnel already em- 
ployed by conservation agencies. 

The Committee believes that interested, capable 
men already employed by public agencies should 
be given the opportunity to return for advanced 
training, in some cases leading to the Ph.D. 

We realize that placement of Ph.D.’s in public 
agencies is not the only thing needed to solve the 
research problems of this field. But if wildlife and 
fisheries research is to make real progress in the 
years ahead, then the man power resource must be 
utilized to the fullest, and the biologist with the 
Ph.D. is one very important element in this man 
power resource.—Respectfully submitted, F. S. 
BaRKALOW, Jr., K. D. CARLANDER, GORDON 
Guiiion, W. D. Kurmsrtrra, T. S. BAsKETT, 
Chairman. 


Employment 


Questionnaires requesting information relative to 
college enrollments and graduates were sent to 81 
colleges and universities offering training in fisheries 
or wildlife. Usable replies were received from 46 


TABLE 2.—EMPLOYMENT SELECTION BY 
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and are summarized in Table 1. Inasmuch as the 
reports from educational institutions are not cop, 
stant from year to year from the standpoint of 
either number or identity of institutions reporting 
comparison of total reported enrollments in th, 
various years is not believed to be valid. For this 
reason, 27 institutions with complete and com- 
parable reports for the 1956-57 and 1957-58 schog| 
years were selected and their reports summarize 
Comparisons of reported enrollment for 1956-57 
and 1957-58 in these schools showed a total of 1,85] 
students in 1957-58 and 1,756 students in 1956-57 
This represents an increase of 5.5 per cent in tot] 
enrollment in 1957-58 over 1956-57. As suggested 
by the 1956-57 Employment Committee, the re. 
ports for undergraduates were broken down and 
tabulated into one category for the first three years 
and one for seniors only. Thus, there is presented 
to the potential employer a more accurate appraisal 
of the numbers of students eligible for the BS, 
M.S., and Ph.D. degrees. 

The employment history of 474 1956-57 grad. 
uates is presented in Table 2. Breakdown of various 
figures in this table reveals that 38 per cent of the 
B.S. graduates, 52 per cent of the M.S. graduates 
and 89 per cent of the Ph.D. graduates received 
employment in wildlife or related work. Percent. 
ages of B.S. and M.S. graduates staying in school 
were comparable to immediate past years. Of 209 
persons whose employment was known, 58 per cent 
were employed by states and provinces, 28 per cent 
were employed by federal agencies, 8 per cent 
(principally Ph.D. graduates) were employed in 
wildlife teaching, and 6 per cent were employed by 
private individuals or agencies. Percentages of 
graduates receiving various types of degrees in 
1956-57 (65 per cent, B.S.; 28 per cent, M.S.; and 
8 per cent, Ph.D.) have remained approximately the 
same for the past several years, although the 8 per 
cent receiving the Ph.D. has declined considerably 
from the 1954-55 high of 14 per cent. 


1956-57 GrapuaTEs ACCORDING TO DEGREE RECEIVED 














Employment Category B.S. M.S. Ph.D Totals Per Cent 
Game research 4 19 5 28 6 
Game management 49 21 1 71 15 
Fish research 26 18 9 53 11 
Fish management 29 5 1 35 7 
Game and fish management or research 1 1 1 3 1 
Law enforcement 3 — — 3 1 
Public relations 3 2 “= 4 1 
Teaching fish, wildlife, or related courses — 3 15 18 4 
Other teaching 4 5 2 ll 2 
Back in school 77 30 — 107 23 
Military service 50 9 —- 59 12 
Unknown 15 2 —- by i 4 
Other employment 46 17 s 65 14 

Totals 306 132 36 474 101 





1 Employment by type of agency: state or provincial, 


institutions, 16. 


121; federal, 59; private organizations, 13; and educational 
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Replies to standard questionnaires requesting in- 
formation relative to employment were received 
from various offices of the U.S. F ish and Wildlife 
Service, U.S. Soil Conservation Service, 34 states, 
one Canadian province, Puerto Rico, and the Virgin 
jsands. Tabulation of these reports reveals that 
during 1956-57: 81 fish technicians were hired as 
replacements, 42 for new permanent positions; 57 
game technicians were hired as replacements, 62 
for new permanent positions; 175 conservation 
officers were hired as replacements, 142 for new 
permanent positions; 21 educational personnel were 
hired as replacements, 12 for new permanent posi- 
tions. Estimated personnel expected to be employed 
before July 1958 were as follows: fish technicians— 
46 as replacements, 39 for new positions; game tech- 
nicians—50 as replacements, 49 for new positions; 
conservation officers—68 as replacements, 24 for 
new positions; educational personnel—7 as replace- 
ments, 11 for new positions. Responses from 34 
states questioned as to estimates of their future 
needs were as follows: game technicians—19 to 
increase, 14 to remain the same; fish technicians— 
9] to increase, 13 to remain the same; conservation 
officers—11 to increase, 20 to remain the same, 
and one to decrease; educational personnel—16 to 
increase, 15 to remain the same. All of the federal 
agencies felt that their needs for all categories would 
remain approximately the same or increase slightly. 
The one Canadian province reporting, Saskatche- 
wan, felt that its need for game and fish technicians 
and education personnel would increase; its need 
for conservation officers would remain the same. 
Eight (Alabama, Idaho, Kentucky, New Hamp- 
shire, North Carolina, Oregon, Texas, and New 
Jersey) of the 34 reporting states did not have 
residence requirements as prerequisites for employ- 
ment as conservation officers. Four (Pennsylvania, 
Colorado, California, Massachusetts ) required resi- 
dence for employment as fish or game technicians. 
No replies were received from the following states: 
South Carolina, Louisiana, Washington, Arizona, 
New Mexico, New York, Tennessee, Arkansas, Kan- 
sas, Maryland, Iowa, Ohio, Utah, Nebraska. 

Questionnaires were sent to 39 private or inde- 
pendent concerns.. Response to these questionnaires 
was comparable to that from other groups, but little 
information of value was received. Tabulation of 
these questionnaires indicated anticipated increases 
of positions for two game technicians and one fish 
technician in the near future. 

As suggested and put into practice by the 1956-57 
Committee, each educational institution was for- 
warded a table indicating the number and type of 
personnel each reporting employer agency antici- 
pates employing in the near future. Each employ- 
ing agency was forwarded a copy of Table 1. These 
tables should enable the employers and employees 
to make preliminary contacts and possibly consum- 
mate employment arrangements prior to graduation. 
These tables were mailed to all employing agencies 
and educational institutions to whom questionnaires 
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had been sent, regardless of whether or not they had 
replied to the questionnaires. It is hoped that the 
receipt of this information will encourage a more 
complete response to next year’s questionnaires. 

Considerable effort was devoted during the year 
to liaison between employers and applicants seeking 
employment. As a part of this work, questionnaires 
requesting information as ‘to current employment 
interests were mailed to all persons having applica- 
tions filed with the 1956-57 Committee. Replies 
from this questionnaire constitute the current file 
of applicants. Names of apparently qualified appli- 
cants were sent to inquiring employers in certain 
instances, and two lists of positions open were 
mailed to all applicants. 

The Committee suggests to the Council that there 
be established in the Office of the Executive Secre- 
tary a permanent employment service, which will 
have as its function liaison between prospective 
employers and employees, including the mainte- 
nance of current files of available positions and 
qualified applicants. The Committee very definitely 
believes that this system would serve more effec- 
tively than having these matters handled by 
successive Employment Committees.—Respectfully 


.submitted, Joun J. CrAIGHEAD, RoBERT L. JONEs, 


CHARLES M. KirkKPATRICK, JOHN R. LANGENBACH, 
and O. E. Frye, Jr., Chairman. 


Techniques Manual 


The Techniques Manual Committee met as a 
group (but not including all members of the 
Committee) at the 22nd North American Wildlife 
Conference. At this meeting, general policies and 
method of approach were agreed upon and various 
section assignments were made. All other business 
of the Committee in preparation of the MANUAL has 
been conducted by mail. 

The preparation of the 17 sections of the MANUAL 
is well underway, with 13 of the 17 sections being 
completed. It is estimated that the manuscript of 
the Manuat will be approximately 400 pages 
(largely single spaced) in length, of which 287 
pages have already been duplicated by the A.B. 
Dick offset process. Approximately 150 copies of 
the MANUAL are being prepared and will be sub- 
mitted to selected reviewers for their critical com- 
ments and suggestions. Present plans call for the 
distribution of the completed MANUAL to the re- 
viewers about June 1, 1958. The suggestions of 
the reviewers will be returned to each section author 
for his information in revising each of the 17 
sections. 

The expenditures already made, or for which 
commitment has been made, include the following 
categories: 


Supplies $435.19 
Labor, machine duplication 330.75 
Negative reproduction 64.16 

Total cost as of Feb. 25, 1958 __... $830.10 
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Estimated additional cost to complete MANUAL: 
Negatives (illustrations) —........_.. $ 25.00 
Labor, machine operation... _ 100.00 
| RE enna 35.00 


Total estimated additional cost __. $160.00 


The Committee recommends that detailed plans 
for duplicating the MANUAL in quantity be held in 
abeyance until the comments of the reviewers are 
at hand.—Respectfully submitted, I. McT. Cowan, 
Davin E. Davis, ALEXANDER C. MARTIN, HORACE 
F. Quick, RicHarp D. TaBerR, ANTOON DE Vos, and 
Henry S. Mossy, Chairman. 


Membership 


The Membership Committee of The Wildlife So- 
ciety for 1957-58 consisted of the Regional Repre- 
sentatives and the now nearly traditional Chairman. 
Organization at the provincial and state level like- 
wise adhered to custom in the appointment of 
chairmen or leaders from the various common- 
wealths. This year, however, most of the leaders 
perfected local organizations of one sort or another, 
typically by appointing one or more assistant leaders 
whose main responsibility was to solicit new mem- 
bers from specific groups—wildlife students, game 
and fish personnel, and the like. The development 
of such organizations began in the spring and 
continued, in some states, into the winter. 


Results 

Due to the constantly changing pattern in the 
membership rolls of the Society, induced by new 
enrollments, delinquency in payment of dues, and 
changes in address, it is impractical to keep fully 
up to date concerning the status of such activities 
as a membership campaign. For this reason, and 
also because membership solicitation is made by 
many—Society officers, the Executive Secretary, 
the Membership Committee, and others interested 
—who usually send applications and remittance 
directly to the office of the Executive Secretary, it 
is not possible to give here a precise, state-by-state 
accounting of campaign success. The Executive 
Secretary has, however, advised us that a total o' 
389 new (regular) members were enrolled by a"' 
solicitors in 1957, exceeding the enrollment of ne-~ 
members in any recent year. Many, and perhaps 
most, of these additions were the results of “selling” 
efforts on the part of some 100 individuals assisting 
in the membership campaign. 


Policy 

The old question of Society standards was brought 
up in various states during the campaign. There 
was also the companion question: How far should 
the Membership Committee go in soliciting pros- 
pective affiliates? 

This question obviously involves standards as 
well as approaches, including the somewhat touchy 
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problem of who should belong. Officially, of cous, 
membership in The Wildlife Society has been Sane. 
tioned for anyone with an interest in this broad 
field. But inevitably some members—and in some 
instances, nonmembers—question the Propriety of 
soliciting individuals with only a commercial or 
popular interest in wildlife resources. Certainly jy 
some cases prospective members, thinking of the 
Society as a professional proposition, have express 
skepticism at joining an organization open to every. 
one, with no provision for maintaining what they 
construe as standards in a professional society, — 
In view of the bylaws covering membership, j 
is clear that any member may properly invite any 
interested individual to join the Society. But is it jp 
the best interest of The Wildlife Society, particy. 
larly if it poses as a professional organization, to 
make concentrated efforts at enrolling individuals of 
doubtful affinity? Experience has shown that the 
percentage of subsequent-dues delinquency in such 
groups is large, and that repeated entreaties t) 
honor dues notices are often ignored. Enrollment 
of relatively noninterested members, through selling 
techniques, has proven to be expensive of postage 
and secretarial time after the first year, and ap. 
pears to have led to some embarrassment of both 
members and the Society organization. 


Recommendations 


The Membership Committee, on the basis of the 
written suggestions of 46 provincial and state 
leaders, offers the following recommendations for 
consideration by the Council as a means of improy- 
ing the conduct of membership campaigns in the 
future: 

1) Preparation of an attractive, and otherwise 
suitable, pamphlet or flyer describing the Society 
and outlining its privileges and advantages, for use 
by future membership committees. 

2) Consideration by the Council of the question 
of policy in membership solicitation to provide at 
least general guidance for future membership con- 
mittees. 

3) Special efforts to acquaint fish and wildlife 
students with The Wildlife Society, implemented 
through more formal understandings between the 
Society and wildlife instructors. To this end, the 
possibility of admitting qualified students at re- 
duced rates to the Society’s membership rolls should 
be considered by the Council. 

4) Maintenance of a membership desk at al 
meetings involving appreciable numbers of Wild- 
life Society members and prospective members. 

5) Development of some practical means of indi- 
cating results of membership campaigns, by prov- 
inces and states, preferably on a cumulative basis. 
Such a system perhaps could best be attained by 
requiring the Executive Secretary to forward a 
duplicate form, designed as a postal, to duly ap- 
pointed membership campaign leaders at the pro- 
vincial and state level upon receipt of applications 
and remittance. Such a system would be cumuli- 
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REPRODUCTION IN THE OPOSSUM IN SOUTHWESTERN GEORGIA AND 
NORTHWESTERN FLORIDA 


Sturgis McKeever 


Department of Zoology, University of California, Davis, California 


The breeding season of the opossum { Didelphis 
marsupialis) has been found to vary in different 
localities in the United States. Reynolds (1952) 
made a detailed study of reproduction in the opos- 
sum in central California and found that the breed- 
ing season began during the third week of January 
and reached its height during the first week of 
February. When he compared this with the dates 
reported for other localities, he found a lag of two 
weeks between central Texas and central California 
and an additional lag of two weeks between central 
California and central Missouri. Fitch and Sandidge 
(1953) found that the breeding season in north- 
eastern Kansas began in the middle of February and 
reached its height in early March; this is one week 
later than the dates reported for central Missouri. 
The present paper describes the breeding season of 
the opossum in southwestern Georgia and north- 
western Florida, as determined by the examination 
of young from the marsupium of 143 females that 
I captured during 1956 and 1957. 

Age of the young was estimated by comparing 
their measurements with the growth curves re- 
corded by Petrides (1949). By adding the esti- 
mated age of the young to a 13-day gestation period, 
I determined the date of mating for each female. 

Two distinct breeding periods were evident each 
year. The first began in the second week of January, 
reached a peak in the second week of February, 
and ended in the first week of March. The second 
season began in the first week of April, reached 
a peak in the first and second weeks of May, and 
ended in the second week of June. Thus, there was 
a difference of 12 weeks between both the begin- 
ning and peak of the two breeding seasons. Dates 
for the first breeding season were the same for both 
1956 and 1957; in 1957 the second breeding period 


began a week later and ended a week earlier than 
the 1956 period. 

Young were found in the marsupium from Febru- 
ary 16 to July 25. During this period 194 females 
were examined; the percentage carrying young each 
month was as follows: February, 24 per cent of 22; 
March, 94 per cent of 36; April, 86 per cent of 35; 
May, 60 per cent of 43; June, 84 per cent of 32; 
July, 65 per cent of 26. None of the 38 females 
collected in January was carrying young, but the 
age of some young indicated that they were born 
in the last week of January. 

Only 11 of the 143 females were carrying young 
over 84 days old, and the age of the oldest litter 
examined was 100 days. Since the females were 
captured in steel traps, some young which were 
able to leave the pouch probably wandered away 
before the traps were checked. Reynolds (op. cit.) 
has shown that the young may leave the marsupium 
when they are 80-87 days old, but normally are 
not weaned until they are 96-104 days old. 

The number of young per litter averaged 7.1 
(s.e. = 0.18) with a range of 1 to 11 for 143 litters. 
Sixty-eight litters from the first breeding period 
averaged 7.1 (s.e. = 0.56), and 75 litters from the 
second period also averaged 7.1 young (s.e.=0.76). 
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APPLICATION OF AVIAN REPELLENT 


University of Massachusetts 


Birds are one of the most damaging biological 
factors with which a forest nurseryman must at 
times contend. A survey conducted in 1955 (Abbott, 
1956) indicated that 85 per cent of the forest nur- 
series in the United States experienced sufficient 
damage to seedbeds by birds to necessitate the 
adoption of control measures. These measures, 
which were in use in 1954, consisted primarily of 
screening the seedbeds, shooting the birds, and 
using firecrackers and other noise makers as deter- 
rents. Less popular methods of controlling bird 
damage included the use of flashing devices, 
poisoning, and even the presence of a captive red- 
tailed hawk ( Buteo jamaicensis) in the vicinity of 
the seedbeds. Certain of these controls have proven 
to be adequately effective, such as screening of 
seedbeds, particularly at small nurseries. Shooting, 
although effective, is not necessarily economical 
and is scarcely a desirable means of control. It may 
not only present legal difficulties, but it also elimi- 
nates birds that are highly beneficial to nursery 
culture except during brief periods of the year. 
Extreme measures, such as shooting, although un- 
desirable, may be justified by the fact that one acre 
of nursery land often supports several thousand 
dollars’ worth of future planting stock. However, 
some means of successfully repelling birds, rather 
than exterminating them, is to be preferred. 

The Denver Wildlife Research Laboratory of the 
U.S. Fish and Wildlife Service has been working 
since 1951 on the development of a suitable repellent 
that can be applied to tree seed prior to sowing di- 
rectly in the field or in seedbeds at a nursery. Such 
a material should be nontoxic to birds as well as 
repellent to them, if it is to meet the requirements of 
a true repellent. It must also be safe for man to use, 
nondetrimental to soil and seed, reasonable in cost, 
and capable of withstanding the effects of weather 
elements ( Neff and Meanley, 1956). The most basic 
of all these requirements is, however, that the ma- 
terial actually repel birds. 

In the spring of 1956, arrangements were made 
with the Denver Wildlife Research Laboratory to 
test four materials at the Amherst State Nursery, 
Amherst, Massachusetts, for their comparative effec- 
tiveness as bird repellents. The repellents tested 
were anthraquinone, Morkit, quinizarine, and Ara- 
san Seed Disinfectant and Protectant (50 per cent 
tetramethyl thirum disulfide). These materials, in 
powder form, were applied to the seed at a 15 per 
cent concentration, using a 25 per cent asphalt 
emulsion as an adhesive in the manner described by 





1 Contribution No. 1119 of the Experiment Station, Col- 
lege of Agriculture, University of Massachusetts, Amherst, 
Massachusetts. 
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S TO EASTERN WHITE PINE SEEp: 


Herschel G. Abbott 


, Amherst, Massachusetts 


Mann and Derr (1955) and Mann, Den, anj 
Meanley (1956). 

Early in June, eight out of a total of 117 seg. 
beds established at the nursery were selected fy 
this test. On June 5, the test beds were broadcay 
seeded with eastern white pine (Pinus strobys 
seed, each of four beds being sown with seq 
treated with a different one of the four repellenis 
to be tested, the remaining four with untreate 
seed. The number of seeds per pound was ¢e. 
termined for each lot of seed, and the weight of 
the seed sown was varied, causing each seedbed 
to contain a comparable number of viable seed. 
Each bed contained approximately 5,600 viable 
seed or 140 per square foot. 

The usual practice of mulching seedbeds with 
burlap was not followed in the case of the eight tes 
beds, which were left fully exposed except for the 
presence of seedbed frames (without covers), 

Bird activities were observed at the nursery for 
one to two hours during both morning and evening 
feeding periods when the birds were most active. 
These observations were continued for 14 days after 
seeding. The following 16 species of birds wer 
identified within the limits of the nursery; grackles 
(Quiscalus quiscula), chipping sparrows ( Spizella 
passerina), house sparrows (Passer domesticus), 
song sparrows ( Melospiza melodia ), robins (Turdus 
migratorius), starlings (Sturnus vulgaris), flickers 
(Colaptes auratus), blue jays (Cyanocitta cristata), 
kingbirds (Tyrannus tyrannus), catbirds (Dume- 
tella carolinensis), crows (Corvus brachyrhynchos), 
mourning doves (Zenaidura macroura ), goldfinches 
(Spinus tristis), pheasants (Phasianus colchicus), 
yellow warblers (Dendroica petechia), and Balti- 
more orioles (Icterus galbula). However, only the 
first four of these species—grackles, chipping spar- 
rows, house sparrows, and song sparrows—were 
attracted by the seed in the nursery beds. Grackles 
greatly outnumbered all other species and were s0 
aggressive in their activities in the test seedbeds 
that the results of their feeding were quick to over- 
shadow the actions of all other species. 

The exposed seedbeds were first visited by active- 
ly feeding birds five days after seeding, when nine 
visitations by grackles were made during a period 
of 30 minutes, all in beds containing untreated seeds. 

At the end of two weeks, germination was largely 
completed and nearly all the untreated seeds had 
been destroyed by birds. Visitations noted totaled 
99 during the morning feeding period as compared 
to 93 in the evening. Although Table 1 shows that 
only 62 per cent of the visitations observed wert 
made by grackles, it is estimated that over 95 pet 
cent of the seed destruction should be attributed 
to this species. 
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Taste 1—Two-wEek Recorp or Birp Visirations Mabe TO TEsT SEEDBEDS DURING MORNING AND 
EVENING FEEDING PERIODS 








Untreated Seedbeds 


Treated Seedbeds Total Visitations 




















Bird Species Morning Evening Morning Evening Number _ Per Cent of Total 
Grackle 70 45 0 3 118 62 
Chipping sparrow 12 28 3 0 © 43 2s 
House sparrow 6 18 0 0 24 12 
Song sparrow 2 5 0 0 7 4 

Totals 90 96 3 3 192 100 
Trapping and mist-netting during twilight hours, relative effectiveness of these repellents were 

when visual identification was most difficult, pro- determined. 


duced no additional species of birds. 

Disturbance of the soil in the seedbeds indicated 
,dditional unobserved visits by birds, in the treated 
as well as untreated beds. However, the damage 
to the former was slight. Damping-off existed in 
ll treated beds, being most severe in the Morkit 
hed. A gray squirrel (Sciurus carolinensis) dis- 
turbed a small area in two beds containing treated 
ved. Following germination, some needle-clipping 
by birds was also observed in the quinizarine bed. 
There was no evidence of mice in the seedbed area. 
The wire sides of the seedbed frames and the rela- 
tively wide expanse of surrounding cultivated but 
unplanted land unquestionably contributed to their 
absence. 

For all practical purposes, the four untreated beds 
were considered to be totally devastated at the end 
of the 14-day period. Although a few scattered 
seeds survived the grackle invasion, they were suffi- 
cient to produce a total of only 399 seedlings. Very 
slight bird damage occurred in the treated beds, 
aloss attributed largely to early sampling by birds 
during the first few days of seed exposure. Sample 
counts taken at the end of one growing season indi- 
cated the survival of 3,880, 4,480, 4,820, and 5,200 
seedlings, respectively, in the Morkit, quinizarine, 
anthraquinone, and Arasan treated seedbeds. All 
four materials were thus found to be effectively 
repellent to birds at the Amherst nursery. Because 
of damping-off and additional destructive factors 
other than birds, no statistical differences in the 


Concurrent with the seedbed tests, five feeding 
stations were established several hundred feet from 
the test area and in the vicinity of a hedge sheltering 
several nesting grackles. Five small feeders were 
placed approximately 10 feet apart in a line parallel 
to the grackle-inhabited hedge. Four 200-seed lots, 
each treated with a different one of the four repell- 
ents to be tested, were placed in four of these re- 
spective feeders; the fifth feeder contained a like 
number of untreated white pine seed. 

Several days elapsed following the establishment 
of the feeders before any birds visited them. Ten 
days after the initiation of the first of these feeder 
tests, the remaining seeds in each feeder were 
counted and recorded. Four subsequent tests were 
run for periods of three days each, the order of 
position of the feeders relative to each other being 
altered in each test. In these four tests, as in the 
first, the untouched seeds were counted and re- 
corded, a new supply being made available for 
the next test. 

Birds showed a definite preference for untreated 
seed during the first two tests (Table 2), although 
435 (31 per cent) of the treated seeds were also 
eaten. In the three subsequent tests, increasingly 
greater numbers of treated seeds were consumed 
until, as will be noted in test No. 5, the Morkit- 
treated seed proved to be as palatable as the un- 
treated seed. 

Several inferences might be made from these 
data. One is that the repellents lost some of their 


TABLE 2.—ReEsuLts OF Five Successive, 200-sEED FEEDER TESTS OF REPELLENT-TREATED 
Waite Pine SEED 








Repellent-treated Seed 


Untreated Seed 














; No. of Arasan (50%) Anthraquinone Morkit Quinizarine 

> yet Seeds Eaten Seeds Eaten Seeds Eaten Seeds Eaten Seeds Eaten 

0 seec 

Test Exposed No. Per Cent No. Per Cent No. Per Cent No. Per Cent No. Per Cent 

] 10 31 16 13 7 20 10 21 id 200 100 

2 3 158 79 176 88 8 4 8 4 200 100 

3 3 a7 59 180 90 195 98 129 65 198 99 

4 3 187 94 182 91 191 96 161 81 192 96 

5 3 193 97 197 99 200 100 193 97 197 99 
Totals 686 — 748 — 614 — 512 — 987 — 

Mean ——— 69 — 75 — 61 — oY | — 99 
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effectiveness during the testing period, since all 
seed was treated at the same time. This hardly 
seems to be probable, considering the brief interval 
of time elapsing between test Nos. 2 and 3 and the 
fact that seed treated similarly by the Denver 
Laboratory has been stored for several months and 
has been exposed in numerous tests without seriously 
reducing its repellent characteristic. Second, the 
response of different species of birds or individuals 
within a species may have been extremely variable, 
thus influencing the data in the manner indicated. 
The third and most logical explanation in my 
opinion is that the birds became accustomed to the 
repellents, discovering that they did not necessarily 
impair the edibility of the portion of the seed eaten. 
No grackles were seen visiting any of the feeders, 
chipping sparrows and house sparrows doing most 
of the feeding there. In all cases, these two species 
pecked open the seed coat and consumed the en- 
closed endosperm and embryo tissue. This type of 
feeding was in contrast with that displayed by 
grackles in the seedbed tests, where apparently the 
entire seed was consumed. 


CONCLUSIONS 


On the basis of these tests, four materials, an- 
thraquinone, Morkit, quinizarine, and Arasan Seed 


Disinfectant and Protectant were all found to 
effective as bird repellents when applied to easter, 
white pine seed planted in nursery seedbeds, yj, 
statistical difference in the relative effectiveness of 
these four repellents was determined. The repel. 
ency of the materials was best demonstrated agains 
grackles, the species of bird most abundant at the 
nursery and the species displaying the greates 
aggressiveness in its feeding habits. Feeder tests of 
unplanted eastern white pine seed treated with the 
same materials gave less positive results. Certain 
species of birds, chiefly chipping sparrows and 
house sparrows, eventually fed as freely on treated 
as untreated seed. 
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THE USE OF MIST NETS FOR CAPTURING NESTING MOURNING DOVES! 


Stanley W. Harris and Marius A. Morse 


Minnesota Division of Game and Fish, St. Paul, Minnesota 


Intensive studies on bird populations often require 
the capture of individuals known to be associated 
with a particular nest. This is especially true of 
multibrooded and persistently renesting species. 
Swank (1952) described a method for capturing 
brooding adult mourning doves (Zenaidura mac- 
roura) in large trees; this technique required ap- 
proximately 15 inches of overhead clearance above 
the nest for successful trap operation. 

In the Northern States many doves utilize shelter- 
belts or clumps of spruce and brushy small shrubs 
for nesting. Because the nest is usually placed in 
very dense cover with less than 4 to 6 inches of 
overhead clearance, the Swank trap cannot be used 
in many locations. 

Our experimental work with nets in Minnesota 
has shown much promise for capturing adult doves 
at dense-cover nesting sites. The net used was a 
variation of the Japanese mist nets described by 
Austin (1947) and Low (1957). Our net differed 
from regular mist nets in that it was fabricated from 
nylon fish-gill netting, which had been dyed black 





1 Contribution from the Minnesota Division of Game and 
Fish, Pittman-Robertson Project W-11-R-18, St. Paul 2, 
Minnesota. The authors are indebted to John Idstrom for 
making the diagram. 


and strung on nylon fishing line; it was similar to 
those used by Blankenship (1957) on woodcock 
(Philohela minor). The resultant net was much 
stronger than most regular imported mist nets. In 
approximately 25 hours of trapping at Madelia, Min- 
nesota, 51 captures were made of 42 adult birds at 
38 different nests: 37 females and 5 males. Al- 
though brooding adults were most easily caught, 
some incubating and occasional laying birds were 
captured. The efficiency increased as experience 
was gained in handling the net and flushing the 
birds, but this technique is not recommended for 
extensive work where a maximum number of birds 
banded per man-hour is essential. Rather, the tech- 
nique has its greatest value where it is desirable to 
identify individual birds with particular nest sites. 
Examples of such studies are those concerned with 
homing and renesting research. 


METHODS 


The net was 33 feet long and 6 feet deep. It was 
adequate for most situations, but occasionally a 
shorter net would have been easier to handle in 
tight places and a deeper net would have been 
more desirable for high nests. The net was sus 
pended between two end poles of ¥%-inch thir- 
walled electric conduit, each 10 feet long. The end 
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Fic. 1. Diagram of movements of crew during mourning dove netting operations. 


loops of the net were held in place on the poles with Doves flushed from nests in the outer row of 
masking tape. The crew consisted of two men who _ spruce or shrubs in the shelterbelt were more easily 
handled the net and one “panic man” who flushed netted than those in a farm woodlot. Netting was 
the birds. The actions of the “panic man” are accomplished in four general stages. 
essentially those of the ; flagging” techniques de- The operation begins when the nest tree is spotted 
scribed by Austin (op. cit.) : é as % 
: ies by means of the stake. The “panic man (No. 3, 
Before attempting to capture the adult, it is bd a ginal 1 al lirectl 
advisable “aig eal dtection hick Fig. 1) moves slowly toward a position directly 
advisable to observe the usual direction Dy which ite the t 1 about 100 feet il th 
it leaves the nest. Often the location of the nest a - wile ore — —_ sine ye ” 
in relation to dense surrounding foliage requires tree. | feanwhile, the net men move torware Calry- 
that the dove flush in a particular direction. When 8 the net perpendicular to the direction of move- 
ment. The inside man (No. 1, Fig. 1) stays as close 


this direction has been determined, a stake is placed , 
at the base of the tree on the side where the bird _ to the row of trees as possible, so that his approach 


is expected to emerge. This stake serves as a guide is screened from the view of the nesting dove (Fig. 
for net placement. 1A). To avoid damage to the net it is essential that 
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the net never be allowed to touch the ground, weeds, 
or shrubs. 

During the second stage, the “panic man” reaches 
his post directly opposite the tree and waits. The 
inside net man reaches a position 15 or 20 feet from 
the nest and stops, being careful to remain hidden 
from view. The outside net man (No. 2, Fig. 1) 
continues to walk nonchalantly forward, but grad- 
ually pivots toward the tree row (Fig. 1B). 

The third stage begins when the outside net man 
is within 4 to 6 feet of the tree row. At this time, 
the “panic man” starts to run toward the tree 
(Fig. 1C). 

In the final stage, the outside net man reaches 
the tree row. The net is held as close to the tree 
as possible at the desired height. Some experience 
is necessary on the part of the net men in determin- 
ing how tight to stretch the net. If the net is held 
too tight, the dove tends to bounce out, if too loose, 
the coverage is reduced by the net sagging in the 
middle. At the same instant the net men are set, 
the “panic man” should be within 6 feet of the nest 
tree. He yells, pounds two sticks together, and then 
shakes the tree from the reverse side (Fig. 1D). 
The bird, whose attention has previously been held 
by the outside net man unobtrusively walking past, 
is suddenly confronted with apparent danger from 
the reverse direction and flushes into the net in 
its panic to escape. 

The “panic man” should grasp the bird as soon as 
possible to prevent unnecessary entanglement or 
possible injury through its struggles to escape. The 
net men should push the end poles into the ground 
so that the net will be held up and absolutely 
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motionless while the bird is being removed, je. 
moval of birds from mist nets has been very ade. 
quately described by Low (op. cit.). He States 
that the bird’s feet should be removed first, although 
with doves we preferred to untangle the tail first 
followed by the feet. 

This flagging method employed by the “panic 
man” is more effective than a quiet gradual ap- 
proach to the nest. Apparently, the dove is able tg 
maintain a better appraisal of the over-all situation 
when quietly flushed and thus occasionally is able 
to avoid the net. It was sometimes necessary t) 
replace eggs or young that the adult dislodged from 
the nest when flushed. Eggs and young, howeyer 
were occasionally dislodged from the nest even 
when the adult was quietly flushed and no net used, 
If care is taken to replace such eggs and young, 
mortality from this source is easily kept well under 
5 per cent. 

Many variations in approaching the nest tree 
with the net were necessary, according to the 
lay of the land and the local situation. Single, iso. 
lated trees were best approached directly from the 
“flush side,” with the net men appearing as though 
they were going to pass by on either side of the tree, 
Doves on nests in isolated trees seemed easily able 
to view the entire netting procedure and often could 
flush in any of several directions. Correct timing of 
the flush by the “panic man,” therefore, is most 
critical. The bird should be flushed just as the net 
men reach their final position. Long nets are useful 
in such isolated situations. 

It is important that the crew work quietly and 
quickly. Nests often occur within 10 to 25 feet of 


TABLE 1.—Success or MourNinG Dove NESTS WHERE NETTING WAs CONDUCTED, COMPARED TO NEsts 
WHERE No Nettinc Was ATTEMPTED 








Percentage of 








Number of Number Potential 
Number of Potential Eventually Eventually 
Group Month Nestings Fledglings Fledged Fledged Remarks 
1 May 13 26 16 62 no netting operations in May 
2 June 38 76 50 66 51 captures made of 3799 and 
5¢¢ on these 38 nests 
3 June 23 46 16 35 disturbed by either unsuccessful 
netting operations or by opera- 
tions at adjacent nests 
4 June 15 30 7 23 completely undisturbed by netting 
operations. Active at same time 
as groups 2 and 3 
All June nests 76 152 73 48 
5 July 45 87 41 47 no netting operations in July 
6 August 32 59 29 49 no netting operations in August 
7 September 34 63 42 67 no netting operations in September 
Total nests not 
disturbed by netting 139 265 135 51 groups 1, 4, 5, 6, and 7 
Total nests disturbed by netting 61 122 66 54 groups 2 and 3 
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each other, and undue delay in moving from one 
nest to the next frequently causes nearby birds to 
flush prematurely. The birds grow progressively 
more nervous by the continued proximity of the 
sew. The flushing of one dove often causes a near- 
by dove to flush, and sometimes a chain reaction 
iwolving four to eight adjacent nesting birds de- 
yelops ahead of the crew. 


RELATION OF NETTING OPERATIONS 
to Nest SuCCEss 


All of our netting operations were conducted in 
june 1957. A total of 76 nestings was observed in 
june (Table 1). The rate of fledging at 38 June 
nests Where one or more successful captures were 
made was 66 per cent (50 nestlings eventually 
fledged from a potential at the time of netting of 
76). In 23 other nests, where one or more unsuc- 
cessful attempts were made to capture an adult 
or where the adults were disturbed one or more 
times by netting operations at adjacent nests, the 
fledging rate was 35 per cent (Table 1, Group 3). 
Fifteen June nests were completely undisturbed by 
netting operations. The fledging rate on these 15 
nests was 23 per cent. The over-all fledging rate 
for June was 48 per cent. This compares very 
favorably with rates for other months when there 
were no netting operations (Table 1). For the en- 
tire summer, in 139 observed nests undisturbed by 
netting operations, the fledging rate was 51 per 
cent. In 61 nests disturbed by netting operations, 
the rate was 54 per cent. The rate on all 200 ob- 
served nestings for the year was 52 per cent. This 
compares to fledging rates of 55 per cent obtained 
by Jumber, et al. (1956) in Iowa, 69 per cent by 
Cowan (1952) in California, 55 per cent by Boldt 
and Hendrickson (1952) in North Dakota, and 49 
per cent by McClure (1950) in Iowa, Nebraska, 
and California. Thus, it appears that our netting 
operations had little, if any, effect on the over-all 
nest success. 


LIMITATIONS 


The netting technique is not intended to replace 
other methods, but rather to supplement them. Not 
all nests are located where nets can be used. Room 
is required for handling the net, and in large trees 
nests are usually located too high to reach. On most 
study areas, a combination of the netting technique 
described in this paper, stationary nets, Swank traps, 
and bait traps would be required to catch all birds. 

Netting can be accomplished only during calm 
periods. The efficiency of the net is impaired by 
any light wind. Calm periods most often occur in 
morning and evening; netting at these times usual- 
ly results in the capture of the female. Males were 
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usually caught during mid-day operations, but calm 
mid-day hours were often rare. Thus, the technique 
would appear to be best adapted to the capture 
of females. 

The technique has the additional disadvantage of 
requiring three men to operate the net, although 
one-man operation is possible by using stationary 
sets, such as those described by Low (op. cit.). One- 
man operation, however, does not catch as many 
birds in as short a time as the three-man technique. 
Very wild birds or birds on nests that cannot be 
approached by a moving net because of spatial 
limitations can usually be captured with a station- 
ary set. This is accomplished by setting the net at 
the desired location, leaving it until the dove re- 
turns, and then flushing the dove into the net. In 
such cases, it is necessary to watch the net con- 
stantly or check it at least every 15 or 20 minutes 
to remove any songbirds that accidentally become 
caught. 


SUMMARY 


A technique for capturing adult mourning doves 
at dense-cover nesting sites is described. Fifty-one 
captures were made of 37 females and 5 males at 38 
different nests in 25 hours. In most cases, a three- 
man crew was used with a moving net. Problems of 
handling the net, approaching the nests, stationary 
set one-man operation, and limitations are described. 

A comparison of fledging-rate data from nests 
both disturbed and undisturbed by netting opera- 
tions seems to indicate that netting operations had 
little or no effect on over-all nest success. 
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AGING FALL-SHOT AMERICAN WOODCOCKS BY PRIMARY WEAR! 


William G. Sheldon, Frederick Greeley, and John Kupa 


Department of Forestry and Wildlife Management, University of Massachusetts, Amherst, Massachusetts 
(Sheldon and Kupa) and Illinois Natural History Survey, Urbana, Illinois 


The purpose of this study was to develop a 
method of aging fall-shot American woodcocks 
(Philohela minor) by examining wing feathers of 
known-age birds. Determination of age ratios of 
woodcocks has required examination of the intact 
bird for the presence or absence of the bursa of 
Fabricius (Greeley, 1953). The need for a method 
of determining the age of woodcocks from easily 
collected parts of the bird, such as wings, has 
prompted us to examine molting sequence critically. 
This was done in the course of summer trapping 
and banding activities in Massachusetts (Sheldon, 
1955 and 1956). Through study of the molt, we 
discovered a variation in wing feathers of wood- 
cocks which can be used in fall to determine age 
of the birds with a high degree of accuracy. 

Wings collected by Greeley (op. cit.) for his 
study of a sex criterion based on the width of the 
outer three primary feathers provided the bulk of 
the known-age hunting-season material by means 
of which we were able to check the validity of the 
technique. 

In the case of woodcocks, large samples of wings 
from fall-shot birds might well serve as a check on 
annual population estimates, which are currently 
based on counts of singing males in the spring. If 
there proved to be a significant difference in the 
production of chicks based on annual fall age 
ratios, such population changes presumably would 
be reflected in the following spring censuses. If 
such a calculation were planned on a regional basis, 
a large sample of fall-collected wings of both 
“flight” and resident birds would be required. In 
local areas in the northern extremities of the wood- 
cock breeding range where the majority of fall-shot 
birds are residents, smaller samples of wings should 
suffice for comparing fall age ratios and spring 
counts. In any such analysis, the factor of weather 
should be carefully weighed. A prolonged freeze 
on the winter feeding grounds could inject a large 
error if an attempt were made to seek a correlation 
between fall age ratios and spring censuses. 


MOLTING 


From 1953 to 1957, personnel of the Massachu- 
setts Cooperative Wildlife Research Unit captured 
453 woodcocks during the summer months with the 

1 This is a contribution of the Massachusetts Cooperative 
Wildlife Research Unit supported by the U.S. Fish and 
Wildlife Service, the Massachusetts Division of Fisheries and 
Game, the University of Massachusetts, and the Wildlife 
Management Institute. The authors wish to acknowledge 
review of the manuscript by Daniel L. Leedy and John W. 
Aldrich. The feather drawings were done by Alfred J. Godin. 
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use of Japanese mist nets. Careful notes on the 
molt pattern of captured birds and the procuremen 
of a number of specimens of both adults and juve- 
niles in various stages of molt provided the mos 
complete data available on molt for this species 
Duvall (1955) was able to age woodcocks that 
were collected before completion of the postjuyengl 
and postnuptial molts. The tertials, scapulars, back 
feathers, and median wing coverts of adults and 
juveniles exhibited different color patterns. Such , 
technique served to separate juveniles of the year 
in June and July, but could not be used in aging 
woodcocks collected in the fall. Our Massachusetts 
studies demonstrated that adults begin molting as 
early as July. There is a good deal of variation jn 
the time of molting of different individuals, but 
approximately 75 per cent of the adults are in full 
molt by mid-August. Juveniles begin molting in 
early August, and many are still partially in molt 
as late as mid-September. Adults molt all their 
feathers during the summer period. The primaries 
are apparently molted in an orderly fashion from 
one to ten, with the exception of the narrow, outer 
primaries (eight, nine, and ten) which are molted 
simultaneously on each wing, and are seldom fully 
grown out until late August or early September. 
Specimens and notes on juveniles demonstrate that 
all the feathers of this age group (including wing 
secondaries ) are molted except the primaries. No 
juvenile was observed with primaries in molt. In 
further evidence, when two juveniles that had the 
tenth primary of each wing clipped an inch from 
the tip in early summer before the postjuvenal molt 
were recaptured by Sheldon as returns a year later, 
they still retained the clipped primaries. We also 
clipped the tenth primaries of adults captured in 
July, and as returns in the following year they 
exhibited new feathers. These findings are in agree- 
ment with the conclusions of Pettingill (1936). 


FEATHER WEAR 


Based on the foregoing molt information, the first 
step in the Massachusetts study was to examine the 
wear on the primaries of six summer-captured adults 
that had been through two migrations since the last 
primary molt, but had not started the postnuptial 
molt. These feathers were compared with pr- 
maries of eleven juveniles only 8-10 weeks old. As 
would be expected, the difference in wear was very 
conspicuous, and the wings of each age group could 
be separated at a glance. We observed that the 
most noticeable wear occurred on the tips of the 
feathers. 

Following this study, we inspected the wear and 
color pattern of primaries from known-age, fall-shot 
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WEAR ON JUVENILE 





PRIMARY 


Primary-feather wear in fall-shot American woodcocks. 


Fac. 1. 


birds under the binocular microscope. Each indi- 
vidual primary of 146 birds was studied. In this 
case, We Were comparing wear of primaries of 
juveniles that were 5-7 months old with the pri- 
maries of adults, which, after the molt, had been 
worn from 1 to 3 months, depending on the time 
the bird had molted and the date on which it was 
shot. There was no difference in color pattern of 
the two age classes, but the differences in feather 
wear at the tips of certain primaries were sufficient 
toclassify the wings as juveniles or adults. 

Specifically, the method was to examine the barbs 
near the tips of the eighth, ninth, and tenth pri- 
maries. New feathers following molt are charac- 
terized by having the distal ends of the barbs fine 
and feathery (Fig. 1A). These fine ends break off 
on most of the adult primary tips, leaving the barb 
with a square end or very shallow v notch. The 
general appearance is an even edge, as if the fine 
ends of the barbs have been sheared off (Fig. 1B). 
In the tips of the juvenile primaries, several of the 
barbs have deep, distinct v notches. Sometimes the 
shaft of the barb extends beyond the barbules 
(Fig. 1C). The whole appearance is one of un- 
evenness and raggedness. An experienced investi- 
gator can separate a high percentage of wings of 
fall-shot birds by visual inspection when held against 
alight. The highest degree of accuracy is achieved 
by studying each wing under a binocular micro- 
scope at low power. In most instances, a quick 
inspection will suffice to differentiate a bird of 
the year. 

The last three primaries, being the newest adult 
feathers, are the best indicators of age. In a few 


\/ 


TIPS 


instances, the tip of an adult feather had one or two 
deep v notches. Such questionable cases were re- 
solved by examining the tips of more than one 
outer primary. Primaries six and seven are often as 
indicative of age as the last three. However, if we 
relied on six and seven alone, we estimated there 
would be an error of between 20 and 25 per cent. 
If the barbs on these two feathers are sheared off 
evenly (as described for an adult), the wing is 
that of an adult. If the tips are uneven or char- 
acterized by v notches, the wing may be either adult 
or juvenile. Usually, the wear is greater on the 
juvenile, but there is intergradation of the amount 
of wear for both age groups. As will be shown in 
the results below, the best individual feather on 
which to base age is the eighth primary, but the 
lowest degree of error occurred where the whole 
wing was available for examination. 


RESULTS 


Of the 146 wings of known-age, fall-shot birds 
used in the study, primaries nine and ten were 
missing for 96 wings. Basing age on the examina- 
tion of the eighth primary, there were six misaged 
birds, giving an error of 6 per cent. Greeley, work- 
ing independently, made a 10 per cent error when 
basing age on the tenth primary alone in a sample 
of 99 birds. In the same sample, 87 per cent of the 
birds were correctly aged using the ninth primary 
alone. Approximately as many juveniles as adults 
were misaged, so that the errors tended to counter- 
balance each other. Of greater significance was 
the examination of 50 birds where the entire wing 
was available. Forty-nine birds, or 98 per cent of 
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this group, were correctly aged. These birds are 
grouped with the 96 where age was based on the 
eighth primary and showed an over-all figure of 
95 per cent correctly aged (Table 1). 


TasBLe 1.—ReEsutts or Acinc 146 Woopcocks By 
PRIMARY-FEATHER WEAR 











Totals Incorrectly Aged Per Cent Error 
Adult 85 4 5 
Juvenile 61 3 5 
Totals 146 7 5 





The misaged wings might well have been from 
late-hatched chicks or from adults that molted 
early. Sheldon has obtained records of some adults 
starting their primary molt in late June or early July, 
and has found unhatched woodcock nests in June. 

Of the 146 wings, 117 were collected in Wis- 
consin, 15 in Vermont, 5 in New Hampshire, and 
9 in Massachusetts. They were taken from October 
1 to November 13. Presumably some of the Novem- 
ber birds were “flight” birds. There was no ap- 
parent difference in wear between the two sexes. 
Fifteen wings from woodcocks collected in January 
on wintering grounds in Louisiana were carefully 
examined. Four relatively unworn wings were 
probably from adults, but those birds with worn 
wings could not be aged by the technique described. 
On the wintering grounds birds reared in the South 
mingle with birds from the far North, and there are 
many degrees of primary-feather wear. Study of a 
large series of known-age wintering birds might 
suggest refinements of the method described in this 
paper which would make aging possible. 


SUMMARY AND CONCLUSIONS 


Of 146 wings of known-age, fall-shot woodcocks 
from Wisconsin and New England, 95 per cent 
were aged correctly by examination of the feather 
wear on the outer primaries. Molt studies of 453 
woodcocks captured in the summer provided yj. 
dence that juveniles do not molt primaries, The 
best primaries to indicate age are primaries eight 
nine and ten, which are the last ones molted }y 
adults. The tips and distal edges of the juvenile 
primaries exhibit more wear and are characterized 
by v-shaped notches on the ends of the barbs. Tips 
of adult primaries show even wear, with the end; 
of the barbs either square in shape, with a very 
shallow v-shaped notch, or unworn with fine, 
feathery tips. 
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GREATER PRAIRIE CHICKEN DYING ON BOOMING GROUND 


James E. Foote 


Michigan Department of Conservation, Atlanta, Michigan 


On May 1, 1956, at about 5 a.m., while observing 
prairie chickens (Tympanuchus cupido) perform- 
ing on a booming ground in Presque Isle County, 
Michigan, I happend to witness the death of one 
of the birds. 

Twelve males and two females were present. Two 
of the males were fighting vigorously, jumping up 
and beating their wings against each other, when 
suddenly one of them fell backward and lay flutter- 
ing its wings, belly up. The other cock immediately 
jumped on top of the stricken bird and appeared 
to be pecking at it without meeting any resistance. 
I had watched this fight from my car through bi- 
noculars at about 40 yards. After about one minute 
I walked over to the booming ground and flushed 


the surviving birds. The dead male’s throat was 
torn open and picked clean, but subsequent autopsy 
failed to show any other injuries. Presumably this 
observation was an instance of death brought on 
by the stress or excitement of fighting. While vehe- 
ment fighting among prairie chickens and sharptails 
( Pedioecetes phasianellus ) is not uncommon during 
their courtship antics, this is the first description of 
this type of mortality, so far as I know. On a pre- 
vious occasion, in May of 1955, I found a dead male 
prairie chicken on a booming ground in Alpena 
County, Michigan. I suspect that it died of the 
same cause, since no signs of a violent death were 
evident. 


Received for publication December 20, 1957. 
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LITTER SIZE AND AGE RATIOS OF MICHIGAN RED FOXES}! 


Raymond D. Schofield 
Michigan Department of Conservation, Lansing 26, Michigan 


Investigations of the red fox, Vulpes fulva, have 
heen in progress in Michigan for a number of years. 
This research program included a survey to deter- 
mine the reproductive rate of the species in Michi- 
gan. Switzenberg (1950) reported the preliminary 
findings. Information is now available for seven 
additional years. 

The data presented in this paper should be con- 
sidered as representative of an abundant fox popu- 
lation, since a fox irruption occurred in Michigan 
during the early 1940’s and the population has not 
decreased significantly. The increase in fox numbers 
eventually resulted in the establishment by the 
Michigan legislature of a $5.00 bounty on red foxes, 
beginning October 11, 1947. This bounty con- 
tinued in effect throughout the study. 


PROCEDURE 

During the years from 1947 to 1950, co-operating 
fox hunters and trappers recorded the size of red 
fox litters removed from dens. From 1951 to 1956 
bounty-certification stations recorded the number 
of pups in litters presented for bounty. Single pups 
or partial litters were not tallied. The opinion of the 
bounty claimant was accepted as to whether or not 
the litter was complete. 

Litter records were grouped according to the 
three Conservation Department administrative re- 

14 contribution from Pittman-Robertson Research Project 
W-69-R, Game Division, Michigan Department of Con- 
servation. 

The author wishes to thank all personnel of the Michigan 
Department of Conservation who assisted in gathering data 
used for this paper. Special mention is due Donald F. 
Switzenberg and David A. Arnold for planning and di- 
recting the study prior to 1955. 


gions in the state. Fortunately, these regional bound- 
aries separate the state into three major ecological 
types, as discussed by Bartlett (1956). The Upper 
Peninsula (Region I) is covered largely by hard- 
wood, aspen, and coniferous swamp types, with not 
over 5 per cent of the area devoted to agriculture. 
The northern half of the Lower Peninsula (Region 
II) is about 37 per cent agricultural land with 33 
per cent of the area covered by various species of 
aspen, pine, and oak. Region III, the southern half 
of the Lower Peninsula, is over 90 per cent agri- 
cultural. All three regions are approximately of 
equal size. 

In addition to the litter records, data pertaining 
to age ratios were collected at the bounty-certifica- 
tion points. Foxes presented for bounty during 
April, May, and June were listed on the bounty- 
certification forms as adults or juveniles. Conserva- 
tion Department IBM facilities were used to analyze 
these data. 


RESULTS 


A total of 1,809 red fox litters taken in Michigan 
during the period 1947-56 indicated an average 
state-wide litter size of 5.1+0.046 pups. An ex- 
amination of the litter sizes in the three regions of 
the state showed that litters from the southern agri- 
cultural counties were significantly larger than 
litters collected farther north. The mean litter sizes 
in the three regions of Michigan were as follows: 
Upper Peninsula (Region 1)—4.6+0.074 pups; 
northern Lower Peninsula (Region II )—5.1+0.070 
pups; and southern Lower Peninsula (Region III) 
—5.5+0.086 pups. Regional and yearly means are 
compared in Fig. 1 by the graphical method of Dice 
and Leraas (1936). In general, significant differ- 
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Comparison of red fox litter size. 
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ences at approximately the one per cent probability 
level exist between samples where the two standard 
errors shown on each side of the means do not over- 
lap. It is noted that the litter size found in 1955 
is significantly lower than that indicated for the 
1950 and 1952 samples. The 1956 sample shows 
a significant increase in litter size over samples 
collected in 1947, 1953, 1954, and 1955. 

In an attempt to determine whether these ditfer- 
ences in litter sizes actually reflected the reproduc- 
tive rates, the red fox bounty records were examined 
further. Only April, May, and June records were 
used in order to eliminate aging errors; these yielded 
an over-all age ratio of 312 juveniles to 100 adults 
for 76,027 foxes bountied during the years 1948-55. 

Age ratios, as determined separately by trapping, 
digging, and all methods of take, show the same 
relationship in indicated productivity between 
regions as does the litter-record analysis (Table 1). 


TABLE 1.—AceE Ratios oF Foxes BOUNTIED DURING 
ApriL, May, AND JUNE, 1948 To 1955 








Upper Lower Peninsula 
Peninsula Northern Southern Total 





Foxes trapped! 


Per cent trapped? 38 63 38 47 
Adults 2,518 5,192 3,037 10,747 
Juveniles 1,192 10,126 9,392 20,710 
Per cent young 32.1 66.1 75.6 65.8 
Foxes dug from dens' 
Per cent dug? 45 16 30 27 
Adults 303 243 501 1,047 
Juveniles 4,103 3,759 9,596 17,458 
Per cent young 93.1 93.9 95.0 94.3 
Foxes taken by all methods 
Adults 4,041 7,785 6,607 18,433 
Juveniles 7,145 19,846 30,603 57,594 
Per cent young 63.9 71.8 82.2 75.7 





1 Method of take not available for foxes taken during 1951. 


2 Percentage of all foxes bountied during period that are 
taken by specified methods. 


DIscussION 


In this study, it was not possible to collect the 
number of specimens needed to yield enough em- 
bryo or placental-scar counts to make possible 
annual or regional comparisons, although it is 
generally thought that litter counts are not as 
accurate as the other methods. Sheldon (1949), 
working in New York State, wrote that “litter counts 
of young foxes were found to be a less accurate 
method than the counting of embryos and placental 
scars.” Hoffman and Kirkpatrick (1954) concluded 
from their Indiana study that “counts of young 
foxes seen at or taken from dens permit inaccuracy 
because of pups overlooked, post-natal mortality, or 
communal denning.” However, the Michigan state- 
wide average of 5.1 pups per litter is similar to 
findings reported by other workers utilizing embryo 
and placental-scar counts. 
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Gier (1947), Sheldon (op. cit.), Richards and 
Hine (1953), and Layne and McKeon (1956) 
utilized placental-scar counts to obtain averages of 
5.1-6.8 scars per red fox uterus. Richards and Hine 
(op. cit.)also reported an average of 5.1 Pups per 
25 litters observed at dens. Hoffman and Kis 

an 4 
patrick (op. cit.) examined 30 gravid fox uteri and 
found an average of 6.8+0.338 uterine young per 
female. 

Differences in observed reproductive rates be. 
tween some years are difficult to explain on the 
basis of present information. Possibly, if accurate 
population indices were available for all years of 
the study, more definite conclusions could he 
reached. 

The differences in litter size between regions 
of Michigan were noted by Switzenberg (op. cit.) 
after analyzing the reports of only 210 litters dug 
from dens. The additional data in this report sub. 
stantiate the indications of the early record. Litter 
records, foxes trapped for bounty, and foxes dug 
from dens all show the same differences in pro. 
duction between regions. 

Most of the foxes bountied during the spring 
period are trapped or dug from dens. It is apparent 
that wide variations in age ratios are obtained by 
the two methods, since den digging accounts for a 
much larger proportion of juveniles. The popularity 
of various methods of taking foxes in Michigan varies 
from region to region. It was thus necessary to con- 
sider the age ratio of the trapped foxes separately 
from the age ratios shown by the foxes dug from 
dens, in order to learn whether the apparent dif- 
ferences between regions were actual or were only 
the result of the preponderance of a specific method 
of taking foxes. 

Bounty records indicate that the fox populations 
throughout the state correspond with the differ- 
ences in productivity. Of 185,385 foxes bountied 
during all seasons of the year in the period 1947- 
55, Region I yielded 15 per cent, Region II 39 
per cent, and Region III 46 per cent. However, it 
seems likely that southern Michigan foxes are more 
vulnerable to hunting and trapping than foxes in 
the more isolated areas of northern Michigan. Cal- 
culations of mortality rates based on limited ear- 
tagging studies in the southern Lower Peninsula 
indicate that the annual man-caused death rate of 
southern Michigan foxes may approach half of 
the early spring population. Could the reprodue- 
tive rates found by this study be a compensatory 
factor resulting from a possible higher mortality 
rate? Errington (1946) wrote that “. . . compen- 
satory reproduction should not be ignored when a 
resilient instead of a rigid fecundity is indicated.” 

Layne and McKeon (op. cit.) found a similar 
reproductive phenomenon occurring in New York 
State and reported: “These observed variations in 
reproductive behavior of red foxes in sections of 
the State differing in broad environmental features 
seems best explained as being primarily the result 
of an interaction between population density and 








the en 
gions. 
highest 
the lov 

It se 
rates in 
mental 
that fu 
satory 
man p 
the sta’ 


A to 
in 194 
5.1+0. 
differe 
Penins' 
em Lo 
Lower 
rate of 
year to 
as one 
during 
in the 
red fo: 
cated 


The 
from 
Bangk 
500 se 
these | 
Societ 
and re 
of phy 
humat 
presen 
illustr: 
ber of 
to shi 
devote 


l. € 


oe wb 
lool 








ards and 

(1956) 
erages of 
and Hine 
pups Der 
nd Kirk. 
uteri and 
oung per 


rates be. 
1 On the 
accurate 
years of 
ould be 


- Tegions 
Op. cit.) 
ters dug 
ort sub- 
1. Litter 
xes dug 

in pro- 


€ Spring 
apparent 
ined by 
nts for a 
»pularity 
aN varies 
y to con- 
parately 
ug from 
rent dif- 
ere only 


- method 


ulations 
> differ- 
ountied 
d 1947- 
n II 39 
vever, it 
ire more 
foxes in 
an. Cal- 
ted ear- 
eninsula 
_ rate of 
half of 
produc- 
ensatory 
nortality 
sompen- 
when a 
licated.” 
similar 
w York 
tions in 
tions of 
features 
e result 
‘ity and 





WILDLIFE CONSERVATION PROBLEMS IN SOUTHEAST AstAa—McClure 315 


the environmental capacity of the respective re- 
gions.” However, unlike this study, they found the 
highest reproductive rate occurring in the area with 
the lowest fox numbers. 

It seems logical to assume that fox reproductive 
rates in Michigan depend primarily on the environ- 
mental capacity of the fox range. It is quite likely 
that further adjustments are caused by compen- 
satory phenomena resulting from the heavier hu- 
man pressure upon foxes in the southern part of 


the state. 
SUMMARY AND CONCLUSIONS 


A total of 1,809 red fox litter records collected 
in 1947-56 indicated a state-wide average of 
5,.1+0.046 pups per litter. There was a significant 
difference in litter size between regions, with Upper 
Peninsula litters averaging 4.6+0.074 pups, north- 
em Lower Peninsula 5.1+0.070 pups, and southern 
Lower Peninsula 5.5+0.086 pups. The reproductive 
rate of Michigan red foxes is not consistent from 
year to year and may occasionally fluctuate as much 
as one pup per litter. Age ratios of foxes bountied 
during April, May, and June substantiate findings 
in the analysis of the litter-size data. Estimates of 
red fox abundance correspond closely to the indi- 
cated reproductive rates for each region. The 


annual and regional changes in red fox fecundity 
are possibly the result of variations in the environ- 
mental capacities of the fox range. 
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WILDLIFE CONSERVATION PROBLEMS IN SOUTHEAST ASIA 
A REPORT ON THE NINTH PACIFIC SCIENCE CONGRESS 


H. Elliott McClure 


Institute for Medical Research, Kuala Lumpur, Malaya 


The Ninth Pacific Science Congress was held 
from November 18 to December 9, 1957, at 
Bangkok, Thailand. It was attended by more than 
500 scientists from at least 30 countries, and among 
these delegates were five members of the Wildlife 
Society. The basic theme of the nearly 800 papers 
and reports given at this Congress was conservation 
of physical resources, of biological resources, and of 
human resources. The scope of the subject matter 
presented at the Congress probably can best be 
illustrated by a list of the 20 symposia. The num- 
ber of papers in each symposium is indicated only 
to show the amount of interest and attention 
devoted to that subject: 


1. Climate, vegetation, and rational land utiliza- 
tion in the humid tropics—19 papers; 

Animal improvement—27; 

Anthropology and social sciences—103; 
Botany—87; 

Chemistry in the development of natural re- 
sources—42; 

6. Coconut problems—4; 


ote ob 


7. Conservation—14 
Proposed national parks and reserves in 
Southeast Asian countries—3, 
Effects of shifting cultivation on natural 
resources—9, 
Contribution of geographers to conserva- 
tion—2; 
Crop improvement—11; 
Entomology—51; 
10. Fisheries—19 
Biology of aquatic animal life in the tropics 


New or little explored aspects of fishing 
research—6, 
Improvement and management of natural 
inland and impounded waters—4; 
1l. Forest resources—5; 
12. Geology and geophysics—75; 
13. Meteorology—46; 
14. Museums—14; 
15. Nutrition—33; 
16. Oceanography—49; 
17. Public health and medical sciences—108; 
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18. Soil and land classification—17; 
19. Zoology—19; 
20. International co-operation in science—11. 


The largest groups of scientists in attendance 
were those interested in public health and medicine, 
archeology and anthropology, botany, geology and 
geophysics, entomology, and oceanography. 

The reports on public-health problems in the 
Pacific area stressed the fact of rising populations. 
This problem of human increase crept into all of 
the discussion panels and it was variously rated 
and berated. 

The symposium on the ecology of man, animals, 
arthropods, and disease concerned a concept 
crystallized in the past ten years. Several of the 
arthropod-borne diseases, such as_ encephalitis, 
leptospirosis, and yellow fever, involve one or more 
species of vertebrate hosts, as well as an inverte- 
brate vector, and are closely tied with habitat and 
climatic conditions. Complete life histories of 
these diseases have been found to involve compre- 
hensive ecological studies that, in many instan- 
ces, have presented conservation problems, such as 
the close relationship between herons and egrets 
and Japanese encephalitis. 

The seminars in conservation were somewhat 
gloomy. Lands in the tropics, which temperate- 
zone men have always felt were wildlife strong- 
holds, are suffering the same as less productive 
temperate areas. In some instances, the adaptations 
of tropical fauna are more closely associated with 
their habitats than temperate-zone animals subject 
to wider variations in habitat changes, so that the 
tropical inhabitant quickly succumbs to change. 

B. Harrison of Borneo discussed the problems 
of Borneo, 75 per cent of which is still covered with 
virgin rain forest with few roads and with river 
transportation the mode of travel. Yet here there is 
no game department. What wildlife management 
there is is under the jurisdiction of forestry depart- 
ments, and any game laws are ineffectively admin- 
istered because the public does not respect them. 
The Borneo rhinoceros is now down to about 25 
individuals. Orangutans are extirpated from wide 
areas, especially near rivers. Zoos have been a major 
factor in this situation because one orangutan de- 
livered to an animal supplier in Singapore will 
mean a profit to a Dyak equivalent to a lifetime 
income. Orangutans do poorly under the conditions 
in which they are held by the native hunter, with 
the result that many succumb for each one reaching 
a buyer. 

Harold Coolidge presented motion pictures of 
the wild oxen herds of northern Cambodia. Here, 
five species, the kouprey, gaur, bantan, saladin, 
and water buffalo all exist in a somewhat open 
forest, along with deer and many other game. 
Hunters are making inroads into the herds for 
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trophies, especially of the kouprey, which was dis. 
covered only a few years ago. There is stil] time 
to save these herds if Cambodia can be urged to 
set the area aside, as has been done with Ankor 
Wat and other archeological treasures. 

Lekakul Boonsong presented the wildlife situs. 
tion in Thailand. Thailand has no game laws, yo 
national parks, and no game preserves or Manage. 
ment areas. Big game is gone except for restricted 
areas. Through great effort, by means of writing 
TV shows, and radio programs, Dr. Boonsong i. 
been stirring public opinion, so that game laws are 
now before the legislative body and may be favor. 
ably acted upon. He has further suggested to the 
government eight preserve or national park areas 
that still support big game and that range in size 
up to 60 by 40 kilometers. He recommends that 
these mountain preserves be administered so that 
the central parts are wilderness areas and the outer 
margins serve for public use. 

Among the various recommendations made by 
the various committees of the Congress, those of 
conservation and wildlife interest were as follows: 
(1) That the government of Thailand take the 
necessary steps to set aside eight designated areas, 
as described by Dr. Boonsong, as national parks or 
preserves; (2) That the governments of Sarawak, 
North Borneo, Brunei, and Indonesia collaborate 
in order to co-ordinate legislation for the protection 
of the orangutan and other big game and to facili- 
tate the enforcement of these laws; (3) That all 
countries which import orangutans for zoos, etc, 
insist upon adequate export permits before accept- 
ing the animals; (4) That all Southeast Asia coun- 
tries be urged to set aside national forests and 
national parks and that these be vigorously pro- 
tected for conservation and for public enjoyment; 
(5) That the need for trained biologists in South- 
east Asia is great and that they be trained through 
the medium of scholarships and travel aid provided 
by governments and the United Nations’ specialized 
agencies; (6) That governments integrate the prin- 
ciples of conservation and wise use of wildlife re- 
sources into their school curricula; (7) That a con- 
ference of biologists from each country of Southeast 
Asia and bordering areas meet to exchange informa- 
tion and to recommend legislation for conservation 
and wildlife programs; (8) That the government 
of Alaska look into the use of airplanes for polar 
bear hunting and iake steps to ensure sound man- 
agement of this species; (9) That New Caledonia 
take measures, such as setting up preserves, trans- 
planting endangered species, and protecting the 
watersheds, to protect a flora and fauna unique to 
the Plaine des Lacs region, which is being flooded 
by hydroelectric installations; (10) That Ecuador, 
in its management of the Galapagos flora and fauna, 
establish a biological research station there. 


Received for publication April 14, 1958. 
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THE ROLE OF PREDATORS IN “CYCLIC” DECLINES OF 
GROUSE POPULATIONS 


Robert S. Hoffmann 


Department of Zoology, Montana State University, Missoula, Montana 


A few years ago, David Lack published in this 
journal (Lack, 1954a) and elsewhere (Lack, 1951, 
1954b) a very valuable review of cyclic mortality. 
In this he included a theory concerning the cause 
of periodic, or “cyclic,” declines that have long been 
observed in certain grouse populations. In brief, 
Lack holds that there is a relationship between 
cycles in populations of snowshoe hares (Lepus 
americanus), or rodents, and grouse. As hares de- 
dine in numbers, due to their having consumed a 
critical amount of their food supply, predators in 
the community that ordinarily depend upon hares 
must find another prey source. These predators, 
such as red fox (Vulpes fulva), goshawk ( Accipiter 
gentilis), and great horned owl (Bubo virginianus), 
then prey heavily upon grouse in the area of hare 
scarcity; this extarordinary mortality cannot be sus- 
tained by the grouse populations, and their popula- 
tions in turn decline. 

This “grouse—predator” theory had its antecedents 
in the work of Grange (1949), although the mech- 
anism was more complex, and in the writings of 
earlier naturalists. This type of theory seems to 
embody a sort of “all or none” principle, as Lack 
recognized when he suggested testing “whether the 
decline of the gallinaceous bird always follows that 
of the rodent” (1951:423). If grouse populations 
consistently lag behind snowshoe hares in the 
cyclic decline, then “crashes” in these grouse popu- 
lations might be due to a turning of predator atten- 
tion from hares to grouse. If, on the other hand, a 
significant number of cases are recorded in which 
grouse populations decline before hare populations, 
then the “grouse—predator” theory will not account 
for these cases and cannot be considered as a 
general explanation for cyclic mortality in grouse. 

Lack tested this theory by examining fluctuations 
in estimated total hunting kill of ruffed, pinnated, 
and sharp-tailed grouse (Bonasa umbellus, Tym- 
panuchus cupido, Pedioecetes phasianellus) and 
snowshoe hares in Wisconsin and Michigan. These 
data indicate that in eight cases of “cyclic” decline 
of hare and grouse populations, hares declined be- 
fore the grouse in all but one case. Lack remarks 
that, aside from these data, he “cannot find in the 
published literature enough precise figures to de- 
termine the usual sequence” (1954a:34). Since 
other data are available, it seems justified, therefore, 
to reconsider the hypothesis. The value of the ob- 
servational data to be presented is, however, the 
subject of disagreement. 

Siivonen (1954) has already described a situation 
in Finland in which grouse (in that area exhibiting 
a short, 3- to 4-year cycle) usually declined in ad- 


vance of the population crash of small rodents, the 
chief alternate prey (also fluctuating in a short 
cycle). For the particular situation stressed by 
Lack, involving the longer 10-year cycle, references 
also exist in the literature to cyclic declines in which 
grouse precede hares. Lack (loc. cit.) himself rec- 
ognizes one such case when he cites Clarke’s (1936) 
report that “varying hares declined before ruffed 
grouse in one locality but after them in another,” 
but then dismisses it by saying “such local irregular- 
ities are not, perhaps, significant.” A single instance 
doubtless could be explained as an observational 
error, but the series of such reports detailed below 
must be considered to have some significance. 


Cases CONTRARY TO Lack’s HyPporuHEsIs 


1) Aldo Leopold, in a rather neglected analysis 
of grouse—hare cycles, has this to say concerning 
these fluctuations in the north-central United States, 
the same area from which Lack’s eight cases are 
drawn. 

“Of 15 cases in which mortality in two or more 
species was dated in the same locality, ruffed grouse 
fell off first in eight and prairie chickens first in 
five. Rabbits [snowshoe hares] were never first, 
but cottontails in one case fell off simultaneously 
with ruffed grouse” (Leopold, 1931:137). Further 
on, he comments on predation as an agency of 
cyclic mortality: “In many localities no reports of 
goshawks could be found during the last low, even 
among ornithologists and taxidermists. This, in con- 
junction with the many instances of summer mor- 
tality when goshawks are absent, and the abundant 
evidence of disease, makes it seem improbable that 
invasions of goshawks constitute a primary cause of 
cyclic mortality” (op. cit.:139). 

Also from this region are the following cases: 

2) Green, Evans and Larson (1943:266) indicate 
that in central Minnesota “the ruffed grouse not 
only precede the snowshoe hares in their die-off 
period but are also preceding the snowshoe hares 
in their recovery from the period of decimation.” 
This covered the period from 1932 to 1940. 

3) Marshall (1954), reporting on the Cloquet 
forest in northeastern Minnesota, indicates that in 
two out of the three most recent peaks, snowshoe 
hares declined after the ruffed grouse population. 
In the first of these declines, beginning in 1934-35, 
a study by Morse (1939) indicated that predation, 
mainly by raptorial birds, was initially directed to- 
ward the grouse rather than the hares, when grouse 
were declining and hares were still common. 

4) The studies of Clarke (op. cit.) on ruffed 
grouse, and of MacLulich (1937) on snowshoe 
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hares, were conducted in common on three areas 
in Ontario. In one of these areas, hares declined 
before grouse, on another, after the grouse, and on 
the third, populations of both species declined simul- 
taneously. Clarke (op. cit.:103) comments: “This, 
I believe, is a sample of a general condition; grouse 
may die off first, or hares, or both may die off in 
the same year, but evidence of a connection is 
lacking.” 

Farther to the west, other observers have noted 
the same phenomenon. 

5) Schildman (1954) presents data suggesting 
that the most recent cyclic decline of sharp-tailed 
and pinnated grouse in Nebraska preceded the de- 
cline of cottontail rabbit (Sylvilagus floridanus ) 
populations by a year (snowshoe hares do not occur 
in Nebraska). 

6) Observations on the three most recent cycles 
in central Alberta indicate that in the first and last, 
hares declined after grouse, and in the second the 
decline was simultaneous in all populations (Rowan, 
1948, 1954; Williams, 1954:9). 

7) In the Cariboo district of British Columbia, 
ruffed grouse either died off before, or simul- 
taneously with, snowshoe hares, since hares were 
very abundant in 1932, and two years later, very 
scarce (Cowan, 1938:21), while ruffed grouse were 
“extremely plentiful” in 1932 and “scarce” in 1933 
(Munro, 1945:58). 

8) Finally, evidence is available from Alaska. 
Buckley has presented data dating back to 1920, 
from which he concludes that “grouse and ptar- 
migan populations die off prior to, or concurrent 
with, the snowshoe hares” (1954:353). He further 
points out that this “tends to refute” the “grouse— 
predator” theory. 

The foregoing accounts are not to be considered 
an exhaustive survey, and similar examples might 
be found in other faunal accounts, or by a com- 
parison, of unpublished records available in the 
reports of the Hudson’s Bay Company, Canadian 
Arctic Wildlife Enquiry, and Canadian Snowshoe 
Rabbit Enquiry (see Chitty, 1950a, 1950b; Wil- 
liams, op. cit.). But from these accounts it is ap- 
parent that grouse population declines do not always 
follow declines in associated hare populations, nor 
are “crashes” in grouse invariably accompanied by 
predation. To be sure, these conditions are some- 
times met with, but they do not comprise the invari- 
able pattern demanded by the “grouse—predator” 
theory of cyclic mortality in grouse. 


IMPORTANCE OF REPRODUCTIVE SUCCESS 


As an alternate suggestion, attention might be 
focused upon another phenomenon of grouse popu- 
lations. One frequently observed feature of grouse 
declines is the low proportion of juveniles in such 
populations. Many authors, writing about a num- 
ber of tetraonid species (references in Lack, 1954a: 
34; plus Brinkmann, 1923:37; Criddle, 1930; Hég- 
lund, 1952; Janson, 1952; King, 1943:80; Mailliard, 
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1932; Munro, 1923; Siivonen, 1953, 1954), attribute 
this to high juvenile mortality. In addition, Siivoney 
has presented evidence that the “success of the 
reproductive process,” including egg-laying, e 
fertility, clutch size, and hatching success, as wal 
as mortality of the young, is reflected in the level oj 
density attained by autumn populations (1959 
1957). This lowered production of young grouse 
appears to be mediated through a variety of factors 
such as disease, weather, and food availability, anj 
only secondarily is predation active. Elucidation of 
the causes (probably complex) for the periodic de. 
crease in relative numbers of juveniles appearing in 
some grouse populations might prove to be of valy 
for a general understanding of “cyclic” populatio; 
fluctuations. 


SUMMARY 


Various authors have advanced the hypothesis 
that declines in density of certain grouse popuk. 
tions may be attributed to excessive predation, t. 
sulting from a scarcity of the predator’s usual prey 
(lagomorphs, rodents). This idea is not supported 
by eight cases in which grouse populations declined 
ahead of the drop in lagomorph or rodent popu. 
tions in the same area. 
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DETERMINING AGE OF YOUNG FAWN WHITE-TAILED DEER! 
Arnold O. Haugen? and Daniel W. Speake 


Alabama Cooperative Wildlife Research Unit, Auburn, Alabama 


Observations and 49 sets of measurements on 
fawns of white-tailed deer (Odocoileus virginianus 
osceola) born in captivity at the Alabama Coopera- 
tive Wildlife Research Unit,* Auburn, Alabama, in 
1955 and 1956 have provided information useful in 
estimating the age of fawns. Characteristics use- 
fulin determining age up through 34% weeks include 
condition and/or growth of the hoofs, degree of 
healing of the umbilicus, and characteristic habits. 

Fawns at birth have hoofs the bottoms of which 
are covered with a soft semigelatinous sulphur 
yellow pad about % inch thick. Pointed append- 
ages of the same material are found on the tips of 
the dewclaws. This soft material is abraded and 
worn away from the hoofs within the first day, with 
the tips of the dewclaws drying to withered and 
blackish-looking material within 24 hours. By the 
eighth day, the withered dewclaw tips are indis- 
tinct or gone. 

The hoofs are quite soft and grayish looking at 
birth but harden and darken in color within the 
first day. The new hoof material grown after birth 

'The assistance of E. Fred Schultz of Alabama Poly- 
technic Institute in the statistical calculations presented in 
Fig. 2 is appreciated. 

Presently Leader of the Iowa Cooperative Wildlife Re- 
search Unit, Ames, Iowa. 

’Co-operatively financed by Alabama Department of 
Conservation; Alabama Polytechnic Institute Agricultural 
Experiment Station; U.S. Department of Interior, Bureau of 
Sport Fisheries and Wildlife; and the Wildlife Management 
Institute. 


can be identified as an advancing wave-like en- 
largement. The point of juncture between the new 
growth and the part of the hoof with which the 





Fic. 1. Pointers indicate the juncture of the new material 
and the distal hoof material with which the fawn was born. 
This fawn was 18 days of age when photographed. 
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Relationship of age to new hoof-growth length of 10 whitetail fawns. The broken lines indicate 95 per cent 


confidence interval of relationship. 


fawn was born looks like a ringed “groove” ( Fig. 1). 
Growth is like that of a fingernail, from the base 
outward. The hoof material with which a fawn is 
born is likely to have faint proximal-distal streaking 
on its surface. Most streaking on new growth added 
after birth usually runs crosswise to the hoof 
(parallel with fleshline). With practice, the point 
of juncture between the old and new hoof materials 
can be determined. 

Measurements were taken from the hairline to 
this growth-ring line at the front edge of the out- 
side half of one front hoof. The hairline was deter- 
mined by smoothing the hair upward so that the 
measurement could be made from the base of the 
lowest hairs at that point. Measurements of the 
outward movement of the new growth line were 


determined with the aid of a vernier caliper. The 
growth rate was found to be relatively consistent at 
a millimeter of new growth every 2.2 days for the 
first 27 days of life (Fig. 2). The reason for mea 
suring from the hairline rather than from the upper 
edge of the hoof material was that the hoof material 
during the first few days seemed to fade out into 
the attached skin, thereby appearing as a rather 
indistinct transition zone. After a few days, the 
upper edge of the hoof did become more distinct 
and would have permitted a suitable reference line 
for measurement. 

Other physical characteristics offer additional 
means for determining age. During the first day. 
the umbilicus is still wet and fresh looking. By the 
second day the umbilici on some fawns are scabbed 
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over, While some are still moist. However, by the 
hird day apparently all are scabbed over. In the 
absence of infection, the navel usually is healed and 
the scab dropped by the fourteenth day, with scabs 
normally staying on through the thirteenth day 
after parturition. 

Behavior also offers some clue to the age of 
fawns. Up through the first four days, most fawns 
lie still when approached, and permit restraining or 
handling with little struggling. During the fifth and 
gxth days, about half of the fawns tried to avoid 
the handlers, and from the seventh day on, they 
ll ran when approached and struggled vigorously 
when held. None of the fawns reported on in this 
paper were bottle fed, but were confined with their 
mothers. They were not handled except when re- 
strained for examination. 

It is not known for certain if these criteria can 


be applied directly to northern whitetail fawns. 
However, it is believed that the criteria can be 
applied with no significant error, as there is little 
difference in size of fawns in the two subspecies at 
birth (Haugen, in press, J. Mammal.). To deter- 
mine age of fawns, measure the distance from the 
hairline to the distal edge of the new hoof growth. 
Multiply this measurement in millimeters by 2.2 
A 


and add 0.66 millimeters (regression formula Y = 
0.66 + 2.2X). The resulting sum is the estimated 
age of the fawn in days. Confidence limits at the 
95 per cent level, as indicated in Fig. 2, are for 
a population of fawns and not for an individual 
animal. 

With the age of a number of fawns having been 
established, it is an easy matter to calculate fawning 
and breeding seasons. 


Received for publication February 17, 1958. 


SARCOPTES SCABEI INFESTATION OF A PORCUPINE 
D. D. Payne and D. C. O'Meara 


Animal Pathology Dept., University of Maine, Orono, Maine 


On two separate occasions in the past few years, 
porcupines (Erethizum dorsatum) affected with 
what appeared to be sarcoptic mange have been 
submitted to the diagnostic laboratory of the De- 





Fic. 1. 


partment of Animal Pathology, University of Maine. 
A search of the available literature failed to reveal 
any report on this type of mange in the porcupine; 
furthermore, there was only a sketchy host-list of 





Crusted underparts of porcupine with mange mites. 
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Fic. 2. Photomicrograph of porcupine Sarcoptes scabei. 
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ectoparasites for this species. The following descrip. 
tion is presented in the belief that it is the fist 
record of Sarcoptes scabei infestation of the por. 
cupine. 

On November 2, 1957, a porcupine in moribyy 
condition was brought to the laboratory by Willan 
Peppard, a State of Maine Regional Wildlife Bigl. 
gist. The animal was killed, and the gross lesion; 
were as follows: There was a_ yellow-white e. 
crustation around the mouth, on the legs, and oye, 
most of the ventral surface of the body. Thi 
encrustation was as much as %-inch thick in som, 
areas and was held to the surface of the body by 
entangled hairs. At the joints of the legs and on the 
abdominal surface (visible in Fig. 1), there wer 
large cracks in the skin, exposing the subcutaneoys 
tissue. 

A small portion of the encrusted material and 
hair was removed and placed overnight in a 10 per 
cent solution of sodium hydroxide. Under lov. 
power magnification, numerous mites were observed 
in the residue (Fig. 2). These were identified 4 
Sarcoptes scabei by Dr. Gordon M. Clark of the 
U.S. Fish and Wildlife Service to whom we ar 
indebted. 


Received for publication February 6, 1958. 


RUFFED GROUSE INTRODUCTIONS ON MICHIGAN ISLANDS 


George A. Ammann and Walter L. Palmer 


Michigan Department of Conservation, Lansing and Houghton Lake Heights, Michigan 


Aldo Leopold, in his Game Survey of the North 
Central States (1931:155), states that “there is a 
puzzling absence of grouse from many islands in 
the Great Lakes which are said to have the appear- 
ance of being excellent range.” As far as we can 
determine, ruffed grouse (Bonasa umbellus) were 
native on only three of Michigan’s eight largest 
islands, namely Grand Island in Lake Superior and 
Sugar and Neebish islands in northern Lake Huron 
(Fig. 1). However, these three islands are rela- 
tively close to the mainland—one-third of a mile 
at the most. Ruffed grouse were apparently not 
found originally on the other five: Isle Royale in 
Lake Superior, Beaver and North Manitou in Lake 
Michigan, and Drummond and Bois Blanc in Lake 
Huron.’ These five islands vary in size from 22 to 
209 square miles in area and, with the exception 
of Drummond, are 4 to 18 miles from the nearest 
mainland. Drummond Island is only 1 mile from 


1 Although Leopold (ibid.) includes Bois Blane Island 
among the islands inhabited by ruffed grouse we have no 
other evidence that grouse have occurred there, and we 


do not know where Leopold obtained his information. 


the mainland at one point; it is excellent ruffed 
grouse habitat and curiously enough, spruce grouse 
(Canachites canadensis) are present there. 

Leopold (ibid.) speculates on possible reasons 
for the absence of ruffed grouse from certain of 
the Great Lakes islands: that an old cyclic low 
made a clean sweep of once-existing populations, 
or that the birds were unduly exposed to migrating 
hawks on peninsulas and islands. We believe it 
much more likely that the birds just could net 
negotiate the water barrier to islands more than 
a mile offshore. Edminster (1947:53) says that 
“about half a mile is the limit of power flight (not 
counting long coasting ).” Bump et al. (1947:254) 
believes that “under sufficient stimulus, most 
grouse are capable of sustained flights of well over 
a mile,” but he cites no clear-cut instances of @ 
sustained flight of more than three-quarters of 
a mile. 

Palmer has recently conducted some limited 
experiments on distances flown by birds released 
over water, using a few wild-trapped ruffed grouse 
(Palmer, 1958). Since maximum distance attained 
by any of these birds was much less than a mile, 
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Original range of ruffed grouse in northern Michigan (shown in black) and years when first successful intro- 


ductions were made on Beaver, Bois Blanc, and Drummond islands. 


and averaged about 300 yards, it appears that even 
the l-mile crossing to Drummond Island was a 
formidable obstacle. It is almost inconceivable that 
at least some ruffed grouse failed to find their way 
to Drummond Island—possibly across the ice in 
winter—during the several thousand years since 
the retreat of the last glacier in this area, especially 
since spruce grouse apparently made it. Perhaps 
the successful establishment of spruce grouse on 
the one hand and the failure of ruffed grouse on 
the other hand can be explained largely on chance 
alone: one species found its way to the island in 
sufficient numbers to obtain a start, while the 
other species did not. It is also possible that spruce 
grouse are capable of longer flights than ruffed 
grouse, but we have no proof one way or the other. 
Could it be that Indians, early white settlers, or 
British soldiers stationed there brought spruce 
grouse to Drummond Island with an easily obtain- 
able food supply in mind? 

Two attempts were made to establish ruffed 
grouse on North Manitou Island under private 
auspices. Tracy Grosvenor, former manager of the 
North Manitou Island Association, reported that a 
wild hen with a brood of 26 chicks was released 
there in 1911. Approximately 50 birds (of northern 
Michigan stock, presumably B. u. togata) were 
released on the island in 1940 and 1941, according 
to Richard E. Follett, who hatched and reared them 


under artificial conditions for the association. The 
earlier release apparently was a failure; but after 
1941 there were occasional reports of a grouse 
heard or sighted, some during the past few years. 
However, the planting was not successful in es- 
tablishing a huntable population. We know very 
little about the condition of the birds at the time 
they were released or their subsequent history. 
Because the birds were hand-reared and because 
heavy browsing by deer had removed much of the 
protective ground cover on the island, it would 
seem that these grouse had much less chance to 
survive than the wild stock released on other islands 
mentioned below. 

On Drummond Island, two small releases totaling 
13 birds were made by the Michigan Department 
of Conservation in 1944. The birds were obtained 
from Alberta, Canada. A few were noted during 
the following year or two, but they did not survive 
—possibly because too few were released or 
because they were a different subspecies from 
the race (B. u. togata) indigenous to northern 
Michigan. 

In 1948 and 1949, 200 wild-trapped ruffed 
grouse were purchased from the Sandhill Game 
Farm in Babcock, Wisconsin, and released on 
three of the grouseless islands—50 on Bois Blanc, 
68 on Beaver, and 82 on Drummond. Six breeding 
seasons after the first releases, the three islands were 








pe ae Toa ee 


i 








324 


opened to grouse hunting with the same seasons 
(32-41 days) and bag limits (5 birds daily) as on 
the corresponding mainland, and hunting has been 
allowed annually since that time. The seasons have 
been highly successful, with an average yearly kill 
of over 1,000 birds for the three islands combined. 
For the first year or two, at least, hunting success 
was much better than the average for the main- 
land, where the grouse population was at a cyclic 
low. Thus, a successful stocking was achieved 
with less than one bird per square mile. 

One of the most interesting aspects of this project 
is the rapidity with which the birds spread in their 
new environment. On Bois Blanc and Beaver, the 
two smaller islands (33 and 55 square miles in 
area, respectively ), it was our opinion that the birds 
had occupied all suitable habitat and attained maxi- 
mum density in five years or less. Thus, on Beaver 
Island the population apparently was already at a 
peak when the season was opened in 1954. Few 
hunters visited the island that year, and conse- 
quently the kill was light. Hunting success was 
excellent; hunters were flushing from 5 to 6 birds 
per hour, double the mainland average for even 
the high years. The next year (1955) word got 
around, and we had records of 384 birds taken by 
126 hunters, although the actual kill probably was 
close to 500 grouse. Hunting success declined 
somewhat in subsequent years, and this past fall 
(1957) it did not differ markedly from that on 
the mainland. We do not believe that the kill of 
grouse was heavy enough to affect population 
trends appreciably. Of 83 grouse live-trapped and 
banded in late summer and fall before the season, 
only 8 were shot. 

The population trend on Bois Blanc Island has 
been similar to that on Beaver—a rapid rise fol- 
lowed by a leveling-off after suitable habitat was 
occupied. We have less specific information on 
hunting success for this island, but hunting was 
generally not as good as on Beaver Island, prob- 
ably because the cover is generally more brushy 
and more difficult to hunt. 

Drummond Island, 128 square miles in extent, 
is more than twice as large as Beaver Island, and in 
our opinion the quality of the cover for grouse 
is superior to that on the other two islands. As 
expected, it took somewhat longer for the birds to 
reach all parts of the island; maximum density was 
attained in about 6 years. Thus, the population rose 
rapidly from 1949 to 1955, after which it leveled 
off and showed little change. The first open sea- 
son in 1954 resulted in a kill of at least 381 birds; 
after that year there was a steady increase in the 
kill, due largely to an increase in the number of 
hunters. This past fall we estimate that 600 grouse 
were taken. 

Although population density (as indicated by 
birds flushed per hour of hunting) was never as 
high as it was on Beaver Island the first year or 
two after the season was opened, it has been and 
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still is higher than the average density fo; the 
mainland of the Upper Peninsula. During the ast 
four years an average of about two birds was 
flushed per gun hour. 

A rough estimate of the rapidity of the Population 
increase on Drummond Island can be made if y 
assume that the 1955 kill of approximately 599 
birds represented one-tenth of the total population, 
(In view of the large tracts of country inaccessib}, 
by car, we believe that not more than 10 per cen; 
of the population was taken by hunters.) Thus, i 
the 82 birds originally released increased to 5,09) 
in 6 years, they must have almost doubled their 
numbers annually, indicating either an unusually 
high reproductive capacity or an unusually high 
rate of survival. 

We have a definite feeling that the Beave 
Island, and possibly also the Bois Blanc Island 
grouse populations initially rose to an abnormally 
high point, considering the quality of cover, an 
that they will not reach such a peak again. It wa; 
something approaching an irruption, followed by a 
leveling-off to more normal numbers. Sharp-tailed 
grouse (Pedioecetes phasianellus) exhibited this 
phenomenon very spectacularly on Beaver and 
Neebish islands and to a lesser degree on Drun. 
mond Island (Ammann, 1957). Why the ruffed 
grouse on Drummond Island have not shown this 
same tendency we do not know. Possibly the 
much larger size of this island, which required a 
longer time for the birds to reach maximum density, 
gave the decimating forces more of a chance to 
keep pace with the expanding grouse population. 

Another interesting point is the apparent dis- 
regard of these island populations for the mainland 
cyclic trend, at least from 1952 to 1955 when ruffed 
grouse populations elsewhere were declining. The 
same phenomenon was also apparent with sharp- 
tailed grouse during the 10 or 11 years following 
their release on Drummond Island, after which the 
birds seem to have shown a trend which conforms 
to the grouse cycle on the mainland. It remains 
to be seen how long it will be until these island 
ruffed grouse populations conform to the general 
trend on the mainland, if they ever do. 

These studies of island grouse populations have 
raised some interesting and _ thought-provoking 
questions, which we think are worthy of further 
investigation. Ruffed grouse have been released 
on two small islands in the Beaver group during 
the past two years in an attempt to obtain more 
precise data on factors discussed here, as well as 
to experiment with the effects of heavy hunting 
“take” on isolated populations. 


SUMMARY 


Ruffed grouse were not native on five of Michi- 
gan’s largest islands, located 1 to 18 miles from the 
mainland, although spruce grouse were present on 
one of them. Successful introductions of ruffed 
grouse were made on three of these islands, and 
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hunting was allowed after six breeding seasons. 
Grouse populations reached high densities on these 
lands in about 5 years, in contrast to the cyclic 
decline in the rest of the state during this period, 
after which they assumed lower, more normal 
densities. 
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OVERHANGING DEER FENCES 


Milton B. Jones and William M. Longhurst' 
University of California, Hopland Field Station, Hopland, California 


Fences built with nonclimbable wire (2” x 4” 
mesh) and redwood posts have been used exten- 
sively to control the movement of deer on the Uni- 
versity of California’s Hopland Field Station, located 
in the northern coastal area of the state. These 
fences have been effective in confining experimental 
deer, and excluding others from plots where grazing 
was not desired. Fences of similar height but usually 
constructed of lighter materials are also widely used 
throughout the state to prevent deer damage to 


1The authors acknowledge the help of Hopland Field 


Station personnel in the construction of fences described in 
this paper. 
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orchards, vineyards, irrigated pastures, and other 
crop areas. A successful outrigger-type fence was 
reported by J. A. Blaisdell and R. L. Hubbard (An 
“Outrigger” Type Fence. U.S. Forest Service, Re- 
search Notes No. 108:1-3; August 15, 1956), based 
on the principle that deer must be rather close to a 
fence in order to jump it. The high cost of these 
fences is the main factor preventing their wider use. 
Deer will usually try to go through a fence rather 
than jump over it, even when this is readily possible. 
With this behavior in mind, several types of sloping 
fences were tested at the Hopland Field Station. 
The first experimental fence consisted of a 2-foot 
vertical segment with a 6-foot 25°-slope extension 





Fic. 1. Vertical-overhanging fence. 
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in the direction of the deer pressure (Fig. 1). The 
objective was to have the approaching deer go 
under the sloping wire before contacting the vertical 
wire. This fence was tried during the summer of 
1956 around a plot of Sudan grass pasture that was 
being heavily used by deer and sheep. During the 
following winter it was used to fence fertilized plots 
on annual native range that were particularly at- 
tractive to deer. In both instances, the fence was 
completely effective in turning back deer and sheep. 
A variation of this fence, not shown, consisting of 
a 4-foot vertical segment and a 4-foot horizontal 
overhang from the top of the fence, also proved 
successful. 

An advantage of this type of construction is its 
adaptability to common mesh-wire sheep fences 
which, by the addition of an horizontal extension 
from the top, will effectively turn deer. Deer were 
successfully excluded from an experimental fertility 
plot that showed signs of considerable use before an 
overhanging extension was attached to the top of 
the existing sheep fence. Also, the use of steel posts 
and light-weight wire makes the fence more portable 
than the wooden-post type construction. One of the 
disadvantages of this vertical-overhanging fence is 
the high cost of the double row of posts required 
to support it. 

In an effort to eliminate this disadvantage, an- 
other design was tried using the same slant prin- 
ciple, but removing the vertical section. A 6-foot 
roll of chicken wire was used with one edge fastened 
to the ground with stakes and extending upward at 
an angle of approximately 49° (Fig. 2). A 75-foot 








Overhanging fence. 


square exclosure of this type was built in a green 
Sudan grass field in August 1957. The area was 
baited, inside and out as well as on the fence, with 
mistletoe, pears, and apples to entice the deer to 
attempt entry. All bait was eaten outside the fence, 
along with that which the animals could reach on 
the fence, but during a 3-month period there wa 
no evidence that any of the bait was taken nor was 
the Sudan grass grazed inside the exclosure. 

It should be pointed out that both the vertical- 
overhanging, with vertical segment 2 feet high, and 
the sloping fences work in one direction only. A 
plot in a Sudan field was fenced with the sloping 
extension facing inward. Within a few days sheep 
had mashed this fence to the ground. This dis- 
advantage was overcome by increasing the height 
of the vertical segment, so that sheep could not jump 
upon the horizontal segment. Thus, a fence was 
constructed to turn sheep from both directions and 
deer from one direction only. 

The cost and durability of these fences wil 
necessarily vary with the type of materials used 
and the location on which they are built. Two-inch 
mesh, 20-guage galvanized chicken wire was used 
for both types of fences used in these trials. The 
estimated cost of the vertical-overhanging design 
was approximately $1,700 per mile, while the cost 
of the fence that sloped up from the ground level 
was only about $1,000 per mile. In contrast, the 
cost of conventional 8-foot upright deer fence using 
heavy nonclimbable wire and redwood posts was 
estimated at approximately $2,500 per mile. 


Received for publication January 28, 1958. 
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BOOK REVIEWS 


Reading the Landscape/An Adventure in Ecology. 
By May Theilgaard Watts. The Macmillan Com- 
pany, New York. 1957. x+230pp., illus. $4.75. 


In this book May Theilgaard Watts has made a 
contribution to what Aldo Leopold called “the only 
tue development in American recreational re- 
gurces . . . the development of the perceptive 
faculty in Americans” (A Sand County Almanac/ 
And Sketches Here and There. Oxford University 
Press, New York, 1949). Leopold was writing of 
the ability of people to understand land as an 
organism with many interrelated parts that are 
necessary for its health. In Reading the Landscape, 
Mrs. Watts has revealed how many of our land 
communities developed, from their origin in the 
far geologic past to their occupation by present 
American civilization. The book is written and 
illustrated with a style and clarity that the public 
can readily understand and enjoy. The landscapes 
are familiar to many; if reading this book can be 
translated into perception, it will be useful to high 
school teachers and of interest to the Sunday pick- 
nicker and summer camper. Those with a broader 
background will find the book useful as a simple 
statement of ecological lessons which are often 
phrased in more complex terms. 

In ten chapters, each with its own selected list 
of references, Mrs. Watts describes the development 
of the midwestern tall-grass prairies, forests, bogs, 
lakes and streams, and of the ancient and modern 
floras of the Appalachians and the Rockies. In all 
of these, she draws on the floristic, faunistic, and 
geological evidence familiar to most students of 
ecology. In three further chapters she reads the 
history of an abandoned, one-room schoolhouse, of 
a landscape from city to deep woods as seen from 
the air, and of styles in gardening seen about a 
house through five generations of its occupants. 

The settings in which these landscapes are read 
also are familiar aspects of modern life: the tall- 
grass prairie is seen at a ploughing match, the 
succession of plants around a northern lake is seen 
from a canoe approaching shore, the forests of 
Illinois and Wisconsin are seen on a camping trip, 
the sand dunes of Indiana on a “picnic in a gritty 
wind,” and the mountains from plains to tundra on 
motor trips. 

While the writing is at times too lengthy, the 
appeal of the book lies in the author’s personal 
acquaintance with the ecological background of 
country familiar to many Americans and in her 
ability to weave ecological perception into the back- 
drop of modern America. In the long run, the under- 
standing of land and the application of this under- 
standing to wise husbandry of our natural resources 
may be just as vital to a nation as missiles to the 
moon. Only by the development of perception in 
our younger citizens of today can we be sure that 
the farmer, laborer, industrialist, politician, or 


public servant of tomorrow will practice and pro- 
mote wise use of our national and world resources. 
Books like Reading the Landscape will be vital aids 
in this educational process —FREDERICK GREELEY, 
Illinois Natural History Survey, 279 Natural Re- 
sources Building, Urbana, Tllinois. 


Palmer’s Fieldbook of Mammals. By E. Laurence 
Palmer. E. P. Dutton and Co., New York. 1957. 
321pp., illus. $3.75. 


According to the author, this book is designed for 
the average person, technical zoologist, outdoor 
naturalist, conservationist, junior and amateur 
naturalist, farmer, housewife, trapper, tourist, teach- 
er, family on vacation, parent telling a short bed- 
time story, youth in a summer or winter camp, or 
the businessman off on his annual vacation in the 
wilds. “It is designed to supplement, not to com- 
pete with other books dealing with mammals on a 
popular and professional basis.” 

The author also says: “This book, like some 
others, aims to assist in the identification and classi- 
fication of mammals. It goes beyond that, however, 
giving also such data as body temperatures, which 
may be important to a physician; food, which is 
important in a farmer’s economy; habits, which are 
meaningful to the conservationist; and behavior, 
which may help mold our souls.” 

To satisfy completely all of the requirements set 
forth above is a prodigious, if not impossible, task. 
Basically, about half of this book is a slight revision 
of the material already presented in the author’s 
earlier work, Fieldbook of Natural History (Mc- 
Graw-Hill Book Co., 1949). The main body of the 
text is preceded by l-page discussions of each of 
the following topics: what is a mammal; sight; 
sounds; odours; taste; touch; mammals, and man’s 
major problems; independence and interdepend- 
ence; home and sanitation; reproduction; tracks, 
trails, and signs; skulls; fur, hide, and hair; manage- 
ment. Two pages are devoted to a mammal library 
list. 

The species account usually consists of one page 
per species, with illustrations at the top of the page. 
Ordinal and family discussions are frequently, but 
not always, found under the first species discussed 
rather than preceding it. Approximately one-third 
of the book is devoted to domestic animals (about 
100 breeds ), including five pages for Homo sapiens. 

A monumental amount of data has been amassed, 
and a mixture of general and specific information, 
with several diversions into the author’s philosophy 
of conservation and of life, is presented in terse style. 

Roughly one-half of the illustrations are reprinted 
from the earlier work (op. cit.), to which are added, 
in several cases, drawings of skulls, skeletons, tracks, 
and scats. Most of the illustrations of the mammals 
are quite adequate. The skull drawings range from 
poor to good. The scat drawings add little or 
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nothing in most cases, and the attempts at skeleton 
drawings are generally worse than nothing. 

There are comparatively few misspellings. Of 
the scientific names, Scalopus and Napaeozapus are 
misspelled, and Mustela furo becomes Mustela fure. 

It would appear to be questionable whether or 
not the average reader would make use of respiration 
rate expressed as the number of cubic centimeters of 
air breathed per kilogram of the animal’s weight per 
hour. It is regrettable that the dental formula for 
cervids and bovids was not given correctly. 

In a few cases the author contradicts himself, 
even on the same page. Dr. Palmer explains on 
p.33 that the water shrew has been reported to be 
able to run on the surface of the water for a distance 
of 5 feet, following which he states: “Naturally this 
statement is questioned.” Then, at the bottom of 
this same page, he adds: “Bubbles on the hairs of 
the feet may provide sufficient buoyancy to sustain 
the animal on the water’s surface for some distance.” 

On p.71 it is pointed out that no American lago- 
morphs are rabbits, since rabbits are born in a help- 
less condition. This is followed on p.75 by: “Tech- 
nically cottontails are hares, although they are usual- 
ly called rabbits. Hare-like their young are well 
developed at birth.” Yet after one more sentence 
we find: “They are helpless, with eyes closed, and 
about four inches long.” 

The Alaskan brown bear is “justly referred to as 
‘our largest carnivore’” reaching a weight of 1,500 
pounds (p.191), yet on the following page the 
polar bear’s weight is given as to 1,700 pounds. 

Some readers may question the author's report 
that a half-pound Mustela frenata can climb through 
a %-inch hole (about 22 mm.). [This weight would 
require a fairly adult male whose skull would nor- 
mally average 23-27 mm. or more in width.] They 
might also insist on measuring a muskox that was 
6 feet high at the shoulder, and on verifying a 10- 
foot-high leap of a wapiti. 

Canadian mammalogists may be surprised to read 
that Microsorex and cottontails only range roughly 
north to the U.S.—Canadian border and that Napaeo- 
zapus is mostly in eastern Canada near the border. 

All students of mammals may be a bit more sur- 
prised to find several interesting facts—Sorex dispar 
in the Rocky Mountains, Microsorex weighing one 
ounce, the statement that “a subspecies does not 
change color seasonally” (p.70), a fox squirrel with 
four cheek pouches on each side, 20 species of red- 
backed mice in North America, Alaskan fur seal 
bulls to 18 feet long, very peculiar teeth in aardvarks, 
or that cow moose never have a bell. 

Professional mammalogists may be distressed to 
find the golden hamster ( Mesocricetus auratus) dis- 
cussed under the heading of the common European 
hamster ( Cricetus cricetus). Perhaps, however, few 
will notice that on p.219 what appears to be a 
reptilian forelimb is figured above a tortoise-shell 
cat. 

With several more competent field books on 
native species available, it might have been more 
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effective had this book been confined to an expany. 
ed treatment of domestic and laboratory animal;_ 
RANDOLPH L. PETERSON, Royal Ontario Museun 
Toronto, Ontario. : 


The Problem of the Short-term Fluctuations in 
Numbers of Tetraonids in Europe. By Lay 
Siivonen. Papers on Game Research, No, 19. 
Finnish Game Foundation, Helsinki. 1957, A4pp 


This paper presents an explanation for the shor. 
term fluctuations among several species of grouse 
in northern Europe. In essence, Siivonen claims 
that fall populations in these species hinge upg 
mean temperatures during a critical period of three 
weeks prior to egg laying. Capercaillie, willoy 
grouse, and blackgame lose weight during winte 
on their low-energy diet of buds and pine needle, 
With the melting of snow, the birds switch rapidly 
to the succulent new growth of low herbaceoy 
plants. This food is high in energy and enables the 
females to gain weight rapidly—up to 21 per cent 
in a month. Siivonen believes that low spring 
temperatures delay snow melt, with subsequent 
delay in plant growth and regaining of weight by 
female grouse. This results in smaller clutches 
poorer condition of chicks at hatching, and lowe 
survival. This chain of events results in lowered 
fall populations. With increasing latitude and 
severity of winters, weight loss of tetraonids be- 
comes greater. The opportunity to regain weight 
before egg laying begins is compressed into a shorter 
period. Siivonen predicates that such conditions 
will cause steeper fluctuations and shorter “cycle” 
lengths with increasing latitude. 

To test his theory, Siivonen analysed fluctuations 
in Finland from 1946 through 1957. Whenever the 
mean daily temperature during the critical three 
weeks before onset of general egg laying fell below 
3°C., the capercaillie population decreased; spring 
temperatures over 3°C. in this period resulted in 
increases. He also compared average April tem- 
peratures in Finland with reported peaks and lows 
of tetraonids over the past 70 years. All clearly 
defined peaks of the past 70 years occurred in years 
when mean April temperatures were at least 3°C. 
Likewise, during “decrease” years, April temper: 
tures have been among the coldest. 

Siivonen’s theory will need more testing before 
it gains widespread acceptance. There is virtually 
no field evidence to account for what happens be- 
tween the period prior to egg laying and fall. To 
be sure, in “decrease” years the mean clutch size of 
tetraonids drops by somewhat less than one egg, 
but this difference appears to be insufficient to 
account for fluctuations in fall numbers. There is 
no evidence that females are actually below weight 
in “decrease” years, nor that young actually survive 
less well. Indirect evidence comes from feeding 
experiments with captive pheasants. One group of 
birds was fed a diet to simulate what a capercaillie 
might get in an early spring, another group g0t 
“late-spring” foods. Birds fed on the early-spring 
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diet (more nutritious ) laid on the average 24 per 
cent more eggs; the eggs averaged 4 per cent 
heavier; and the weight of 5-day-old chicks was 
9 per cent greater than the corresponding group on 
the poorer diet. Siivonen felt that conditions in the 
wild could well parallel those of captive birds. 

Siivonen has apparently forsaken his recently pro- 
posed theory that phases of the moon cause cyclic 
fluctuations (Siivonen and Koskimies, 1955. Popu- 
lation fluctuations and the lunar cycle. Papers on 
Game Research, No. 14:1-22). He has, until now, 
heen a strong proponent of the 31-year cycle in 
northern regions; numbers 1, 4, 9, and 13 of Papers 
on Game Research are devoted to his theories. His 
current theory proposes that short-term fluctuations 
should become more violent and more frequent as 
one goes north. Hence “cycle” length should be- 
come steadily shorter with increasing latitude and 
not be the somewhat constant 344 years he formerly 
contended. 

Sivonen feels that fluctuations in tetraonids are 
fairly synchronous over large areas of northern 
Europe. The only way this could happen under his 
present theory is for temperatures prior to egg laying 
to be similar over equally large areas. However, 
the prenesting period in Scotland comes in late 
March, but not until more than a month later in 
Finland. It is difficult to believe that year-to-year 
deviations from March temperatures in Scotland 
would parallel deviations in late-April temperatures 
in Finland. 

One could wish for more precise and more abun- 
dant data to substantiate this theory. There seem 
to be few true censuses of Fenno-Scandian game. 
Instead, fluctuations are determined by concensus 
of several hundred observers scattered over the 
country. These men state whether a given species 
has increased, decreased, or remained the same 
following each hunting season. Such estimates are 
unavoidably influenced by hunting success, which 
is known to be a poor indicator of actual game 
numbers. 

Siivonen has drawn upon an impressive array of 
nesting data: 1,497 capercaillie and 1,086 black- 
game clutches for south and central Finland alone 
over an 1l-year period. However, annual hatching 
curves are based on from only 31 to 81 successful 
nests per year. Mean hatching dates for capercaillie 
in North Finland and Lapland were based on a total 
of 167 nests spread over the entire 11-year period. 
Siivonen uses no statistics in this paper, and vir- 
tually none in his earlier papers, to support his 
statements of yearly or regional differences in tem- 
perature, game numbers, or breeding phenomena. 
Today’s statistics-minded biologists will remain 
skeptical until such proof is forthcoming. 

Despite its shortcomings in basic data and statis- 
tical analysis, this paper has real merit for those 
interested in discovering causes of annual fluctua- 
tions in wildlife. Siivonen has put his finger on the 
condition of the female prior to and during the re- 
productive period as being the key to annual fluctua- 
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tions. Recently, Wagner has come to similar con- 
clusions for pheasants (F. H. Wagner, 1957. Late- 
summer mortality in the pheasant hen. Trans. N. 
Amer. Wildl. Conf., 22:301-315). Wagner suggests 
several reasons why breeding seasons delayed by 
late-spring weather may lead to reduced fall pro- 
ductions. The delayed season allows less time for 
renesting. More important, in late springs, hens lay 
more eggs before finally incubating a clutch. This 
leads to greater weight losses and eventually higher 
mortality during summer. One wonders if an addi- 
tional hazard to pheasants from late nesting might 
be their failure to regain weight following winter, 
as suggested by Siivonen. 

We should be grateful to Siivonen and the Fin- 
nish Game Foundation for presenting their research 
in English. Without this, their work would be 
largely unknown to us. Moreover, Siivonen has sum- 
marized recent Russian work on population dy- 
namics of tetraonids. His familiarity with American 
literature is less thorough. This, however, is no 
reflection on the author. Instead it is an indication 
that our state and federal publications have far less 
circulation abroad than our regularly published 
books and journals—ALLEN W. Stokes, College of 
Forest, Range, and Wildlife Management, Utah 
State University, Logan, Utah. 


A Bibliography of References to Diseases of Wild 
Mammals and Birds. Compiled by Patricia 
O’Connor Halloran. American Journal of Veteri- 
nary Research, vol. 16, no. 61, October 1955, 
part two. xii+465pp. American Veterinary Med- 
ical Assoc., Chicago, Ill. $10.00. 


This work is a compendium of references based 
on ten-years’ searching of the literature by the 
author. She has attempted to cover all literature on 
her subject, including not only natural occurrence 
of disease in the wild but also the reports of disease 
among captive species at zoological gardens and 
elsewhere. 

There are many omissions but, as explained by 
the author in the introduction, it is virtually an 
impossible task for one individual to uncover all the 
literature on a given subject. Rabbits were deliber- 
ately omitted because of an earlier compendium by 
the reviewer issued in 1942 by the U.S. Fish and 
Wildlife Service as a mimeographed prepublication 
issue of only 250 copies. Unfortunately, due to war 
restrictions at the time, this work never reached 
publication, and the limited number of copies have 
long since been exhausted. It is available only in a 
limited number of libraries. References on hamsters 
were omitted from Halloran’s bibliography because 
another author has such a compendium in prepara- 
tion. The volume of references on rats was con- 
sidered so great that it would require a separate 
publication, and on this basis rats were not included. 

In Halloran’s bibliography, the references are 
arranged by hosts. The order of mammals is based 
on Simpson’s classification, arrangement of the 
birds on Wetmore’s revised classification, and the 
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abbreviations of the titles of the publications accord- 
ing to the World List of Scientific Periodicals. Un- 
der each group of animals the references are ar- 
ranged, according to the scheme of the American 
Medical Association’s Standard Nomenclature of 
Disease, into 14 categories, including: infectious 
diseases and parasites; various body systems such 
as respiratory, cardiovascular, digestive, etc.; tu- 
mors; anatomy and anatomical anomalies; and a 
final section entitled “General and miscellaneous.” 
This last section includes such references as pertain 
to longevity, care and management, nutrition, and 
others. Such arrangement is helpful to the user of 
this bibliography but has resulted in much duplica- 
tion. There are also numerous cases in which cate- 
gories are listed followed by the notation “No refer- 
ences,” which unnecessarily extend the length of 
the work. 

However, there is less excuse for the misspelling 
of authors’ names, and for incorrect titles and refer- 
ences that appear throughout the work. In the 
foreword by the publisher is a statement to the 
effect that the editorial department of the American 
Veterinary Medical Association checked, as far as 
it was possible to do so, the spelling, abbreviations, 
and punctuation of the copy and that arrangements 
were made with the printers to proofread the galley. 
If the author herself did not have a chance to check 
galleys carefully, this might explain the many minor 
errors that could have been corrected. A more 
careful check by the author undoubtedly would 
have avoided many of the misspellings, wrong dates, 
and errors in citation. 

In spite of its shortcomings, the bibliography 
should prove a most useful contribution. It is the 
only compendium of its kind that attempts to cover 
the whole field of disease in wild mammals and 
birds and should be a useful source of information. 
It was issued as a supplement to a widely circulated 
journal at no extra cost to subscribers and should 
be available in most technical libraries——C. M. 
HerMan, U.S. Fish and Wildlife Service, Laurel, 
Maryland. 


Fiskarna i Férg. By Kai Curry-Lindahl, color illus- 
trations by N. Norvil. Almqvist & Wiksell, Stock- 
holm. Third edition, 1957. viii+189pp. 11 
Swedish crowns. 


I have long felt that American ecologists and 
conservation biologists might find it advantageous 
to learn to read Scandinavian; and, for those in- 
clined to so do, Dr. Curry-Lindahl’s pocket-sized 
book on Scandinavian fishes should be of special 
value, both as a source of interesting and reliable 
information and as affording practice in reading 
well-written popular Swedish. 

The main text is preceded by an up-to-date list 
of the classes, subclasses, and orders of cyclostomes, 
selachians, and teleosts found in Scandinavian 
waters, together with material (including a brief 
glossary ) that should be useful to a layman attempt- 
ing identification of any of the species treated in the 
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book. The fishes of the 64 color plates—although not 
drawn to scale and often lacking accuracy of detail 
—are attractive, satisfactory for field recognition 
and easily referable to the text. Text discussions re. 
late to salient features of each species, life histo 
behavior, habitats, distribution in Scandi 
commercial status, etc.—Paut L. Errincton 
State College, Ames, Iowa. 


Ties, 
Navia, 
+ Lowa 


A Flora of the Marshes of California. By Herbert |, 
Mason. University of California Press, Berkeley, 
1957. ix+878pp., illus. $10.00. 


Here is a book that we in California, at least, haye 
long awaited. Dr. Mason and his associates haye 
done a splendid job in compiling this volume. As he 
explains in the introduction, the original field work 
was financed with Pittman-Robertson funds and 
was aimed primarily toward waterfowl food plants, 
Since waterfowl feed on a wide variety of plants 
from a broad range of habitats, the author had con. 
siderable treuble delineating the work. This is more 
understandable if it is realized that ducks eat every. 
thing from minute Wolffia to acorns of the valley 
oak and from eel grass to desert annuals. Basically, 
the book is confined to plants that “occur typically 
or commonly on wet lands or in water.” The use of 
this criterion excludes plants from drier sites, al- 
though some exceptions have been made. The 
coverage extends to alpine meadows, the banks of 
mountain streams and the small bogs of the red- 
wood country. The author has done a thorough job 
of covering the species within this framework; there- 
fore, the book should be very useful to the wildlifer 
and botanist alike. 

The book has a very good introduction in which 
the author discusses the problem of delineating the 
scope of the work, the classification and location of 
marshlands, some economic problems _ involving 
waterfowl, and the floristic treatment. He may have 
oversimplified the waterfowl-depredation problem a 
little in this section, but he still has brought up 
some interesting points. 

The introduction is followed by a general key to 
the families, to which are added three pages of 
illustrations of key characteristics. The key is dichot- 
omous and seems to be fairly easy to follow. In the 
taxonomic treatment, the author briefly describes 
and discusses the family characteristics. He then 
gives a key to the tribes, as in Gramineae and Con- 
positae, and then a key to the genera. The key to 
the species is preceded by an introductory state- 
ment giving the common characteristics of the 
genus, except where it is monotypic. Other per- 
tinent information is occasionally presented. The 
proper name of each species is given, including the 
name of the authority, the published reference, and 
the date. The common name is also given here in 
many instances, although many of them seem to 
be uncommon. The figure number of the illustra- 
tion of the plant, if one is included, is then given, 
followed by a synonymy, if any exists. Then follows 
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, detailed description of the species which is begun 
with a general statement on the appearance of the 
plant, €.8:» “robust perennial herb 6-10 dm. tall.” In 
giving the range of the plant, first the general site 
is given, followed by the altitudinal range, then the 
geographic range, first for California and then for 
other localities. If a species has been introduced, 
this is indicated along with the general area from 
which it originated. Often the author adds a para- 
graph covering special features and problems con- 
nected with the plant, such as varieties or similar 
species with which it could be confused. In such 
cases, the key differences are pointed out and any 
other helpful information is added. 

The illustrations are, for the most part, outstand- 
ing. As in everything else, it is difficult to keep a 
good thing from going too far. With the illustra- 
tions this may have occurred where two full pages 
were devoted to Phragmites communis, which is not 
easily confused with anything else in our marshes. 
One page should have been enough, although I must 
admit that both are beautiful drawings. Illustra- 
tions of similar species might have been arranged 
on one page more often to save space. 

Dr. Mason appears to be a “lumper,” and varieties 
are honored only where they are recognizable in 
the field and are well documented. This is quite 
evident in his treatment of the pondweeds and 
smartweeds. He mentions Fassett’s handling of 
Polygonum punctatum and notes that several of the 
twelve varieties range into, California “where they 
integrate to such an extent that no clear morpho- 
logical and geographic lines can be drawn separating 
them.” 

The lumping has been carried into the species 
groups, as Distichlis stricta is tentatively reduced to 
synonymy under D. spicata. Also Scirpus paludosus 
has been reduced to synonymy under S. robustus, 
and Eleocharis palustris has become E. macro- 
stachya. These latter changes border on the burying 
of old friends. May they rest in peace! I hope they 
do not run the Elodea cycle. 

The author recognizes three species of Typha. 
They are T. domingensis, T. latifolia and T. angusti- 
folia. He holds that T. glauca of Hotchkiss and 
Dozier is a cross between the latter two species 
and is only found in association with both parents. 
He recognizes one new species of Bacopa. 

He agrees with the switch of Potamogeton pan- 
ormitanus to P. pusillus and the switch from the 
old P. pusillus to P. berchtoldii, as was indicated in 
the revised edition of Fassett. He also lists P. 
americanus in synonymy under P. nodosus. 

One regrettable gap in this otherwise complete 
book is the omission of the muskgrass family 
(Characeae). I can understand why Dr. Mason 
might have wished to stay out of the Thallophytes 
completely rather than make an arbitrary decision 
on what to include and what not to include. How- 
ever, I would like to have seen at least one illustra- 
tion and a note on Chara, since it is such a common 
aquatic, 


The glossary at the end of the book is excellent 
as far as it goes. Many terms are illustrated on the 
facing page, while others carry a reference to a 
figure in the text which illustrates them well. This 
is all very helpful, but I feel that the glossary might 
well have been more complete. Many terms, very 
common to the professional botanist, are not so 
common to us “once-in-a-while” botanists. 

I also regret that Dr. Mason was not able to 
include more ecological data from his fund of 
knowledge. We surely need a companion volume 
on marsh ecology and the site requirements of 
the most important marsh plants in waterfowl 
management. 

A Flora of the Marshes of California should be a 
must for everyone working with wildlife in Cali- 
fornia and should prove very useful to workers in 
other states west of the Rockies, as it covers both 
the coastal and the Great Basin flora. I might add 
that it works well for this area with Muencher’s 
book. 

The printing is flawless, the layout very well 
done, and the book has been very well edited.— 
A. W. MiL_er, California Department of Fish and 
Game. 


John Kieran’s Treasury of Great Nature Writing. 
Edited with comments and biographical notes by 
John Kieran. Hanover House, Garden City, New 
York. 1957. 640pp. $4.95. 


Here, for five dollars (keep the change) in the 
United States, is a fabulous spread of nature writing, 
like a gourmets’ convention, with only one small 
morsel displayed for each chef. Right away we 
realize that one cannot make a meal of samples. The 
items are occasionally not even classified as to the 
nature of the dish from which they were lifted. 
It really doesn’t matter. With this guide, anyone 
can order up a feast. Likewise, no one spread 
could possibly display samples from all the masters 
who are in some way related to nature. This is 
Kieran’s selection. One may comment, but it is not 
reasonable to criticize. He does not even pretend 
that each sample is the most savory bit from the 
particular work in which it is to be found. 

Thus disarmed—if the book were any thicker, 
you couldn’t thumb it—I can only say that the 
most important feature is that well over half the 
collection is from writers ‘vho are still alive or were 
alive in my time. As there are almost forty of 
these moderns, I have no individual comments. I 
think that some of their writings are great, and 
some are not. Judgment on them will be made, 
one hopes, a hundred years from now, when another 
Kieran, devoting most of an anthology to his own 
contemporaries, will have to purge all but a very 
few of the present selections. They are all interest- 
ing. Incidentally, and only in comment, none of 
the gems of poetry that are set at intervals through 
the book are contemporary. 

There are no translations, ancient or modern. For 
the ancients, Kieran finds them dull, rather an 
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amazing statement, considering that the breadth of 
his own definition would admit a very large body 
of classical literature. For the moderns he says 
nothing. We can only say that there is a huge 
volume of great nature writing in other languages 
than English, much of it, happily, well translated. 
It runs all the way from Turi’s Book of Lappland in 
the north, in Finnish, to Pienaar’s Story of a Lion 
Family in the south, in Afrikaans. There also seems 
to me to be a slight bias toward the United States. 

Finally, as to choice, a writer’s best was chosen 
so often that such must surely have been Kieran’s 
intent at all times. Presuming thus, we can regret 
that Audubon’s account of the passenger pigeon, 
with its howling wolves and sneaking cougars, was 
chosen. Both the Audubon and Wilson pigeon 
stories are so well written that they have slid down 


the gullets of generations of naturalists, but }y 
are cursed with phony statistics that will one 
remove them from the biological canon. Curiggs 
enough, the selection from Audubon’s detrag 
Waterton, is a very Audubonish bit about capture 
a cayman. He might have been more in chg 

in his defense of predators, a hundred years befg 
his time. One would have welcomed, also, mgm 
tastes of the thrill of discovery, where discoya 
has been well described. Maybe this is for 
scouts, but I was delighted by Einstein’s remarks 
that theme (“Fortunate Newton! Happy childhg 
of science!”) in introducing a new printing 
Newton's Opticks. However, there is really youu 
little that is not present in some degree in ¢ 
wonderful compilation.—C. H. D. CLarke, Ontagy 
Department of Lands and Forests, Toronto, Ont. 


OBITUARY 


Puitie DICKINSON 
1920-1957 


Philip Dickinson, District Game Manager, 
Illinois Department of Conservation, died of 
a heart disease at St. Luke’s Hospital in Chi- 
cago on July 18, 1957. He had been ill for 
several months, but he persisted in perform- 
ing his duties in spite of a rheumatic- 
heart condition contracted when he was a 
youngster. 

Phil, as he was known to his many friends, 
was born on December 7, 1920, in Chicago, 
Illinois. After attending Woodrow Wilson 
Junior College in Chicago for two years, he 
served with the U.S. Merchant Marine in 
the Mediterranean and Middle East the- 
atres for four years during the Second World 
War. Upon his discharge, he returned to 
school to receive his B.A. degree in Game 
Management in 1950 from Oregon State 
College. With the aid of a scholarship from 
the Idaho Wildlife Research Unit, he spent 
the following year working and studying 
at the University of Idaho. 

During summer vacations, Phil worked 
in the wildlife field. He spent one summer 
at Summer Lake, Oregon, where he worked 
with waterfowl for the Oregon State Game 
Commission. The following summer he 
again did waterfowl work at the Horicon 
Marsh in Wisconsin. He spent a third sum- 
mer working for the U.S. Department of 


Agriculture, Bureau of Entomology ag 
Plant Quarantine, as a field assistant, testi 
new chemicals for mosquito control in th 
vicinity of Portland, Oregon. In 1952, Phi 
began work as a district biologist for th 
Illinois Department of Conservation, a pose 
tion that he held until his untimely death. 
Phil loved his work and the outdoors. Hi 
enthusiasm for hunting, fishing, hiking a 
camping were reflected in the great numbe 
of friends which he made and the adming 
tion which these people felt for him. Every 
one connected with game management i 
his district knew him as the guy who coulda 
say “No.” As a member of the Presbyterial 
Church of Dixon, Illinois, Phil gave homag 
and service to the Creator, Whose hande 
work in field and woods he dedicated his lift 
to conserve. Phil was intensely devoted 
his family, and one of his favorite pastimes 
was reading to his children. Surviving hil 
are his wife, Florence, two sons, Joel, age Se 
and Brent, age 6, a daughter, Stephani 
age 4, his parents, Mr. and Mrs. Jam 
Dickinson, and a sister, Mrs. Jane Chieray 
Phil Dickinson—husband, father, s@ 
brother, hunter, lover of the outdoors—al 
all-around great guy. He has been soré 
missed and will always be remembered J 
those of us who knew him.—Joun Paz 
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